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5 TITLE 

CYTOKINE THAT INDUCES APOPTOSIS 

BACKOROIJND OF TRV IWFNTTON 

10 The programmed cell death known as apoptosis is distinct from cell death due to . 

necrosis. Apoptosis occurs in embryogenesis, metamorphosis, endecrine^dependent 
tissue atrophy, normal tissue turnover, and death of immune thymocytes (induced 
through their antigen-receptor complex or by gucocorticoids) (Itoh ct aL, Cell 66:233, 
1991). During maturation of T-cclls in the thymus, T-cclls that recognize self-antigens 

15 are destroyed through the apoptotic process, whereas others are positively selected. 
Hie possibility that some T-cells recognizing certain self epitopes (eg., inefficiently 
processed and presented antigenic determinants of a given self protein) escape this 
elimination process and subsequently play a role in autoimmune diseases has been 
suggested (Qarnmon et aL, Immunology Today 12:193, 1991). 

20 A cell surface antigen known as Fas has been reported to mediate apoptosis and 

is believed to play a role in clonal deletion of self-reactive T-cells (Itoh et aL, Cell 
66:233, 1991; Watanabe-Fukunage et ^Nature 356:314, 1992). Cross-linking a 
specific monoclonal antibody to Fas has been reported to induce various cell lines to 
undergo apoptosis (Yonehara et al., /. Exp. Me± t 169: 1747, 1989; Trauth et al., 

25 Science* 245:301, 1989). However, under certain conditions, binding of a specific 
monoclonal antibody to Fas can have aa>stmJulatory effect on freshly isolated T cells 
(Alderson et aL, /. Exp. MedL 178:2231, 1993). 

DNAs encoding a rat Fas ligand (Suda et aL, Cell, 75:1169, 1993) and a human 
Fas ligand (Takahashi et al., International Immunology 6:1567, 1994) have been 

30 isolated. Binding of the Fas ligand to cells expressing Fas antigen has been 

demonstrated to induce apoptosis (Suda et aL, supra, and Takahashi et al., supra). 

Investigation into the existence and identity of other molecules) that play a role 
in apoptosis is desirable. Identifying such molecules would provide an additional 
means of regulating apoptosis, as well as providing further insight into the development 

35 of self-tolerance by the immune system and the etiology of antoimmune diseases. 
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SUMMARY OF THE INVENTION 
The present invention provides a novel cytokine protein, as well as isolated 
DNA encoding the cytokine and expression vectors comprising the isolated DNA. 
Properties of the novel cytokine, which is a member of the tumor necrosis factor (TNF) 
5 family of ligands, include the ability to induce apoptosis of certain types of target cells. 
This protein thus is designated TNF Related Apoptosis Inducing ligand (TRAIL). 
Among the types of cells that are killed by contact with TRAIL are cancer cells such as 
leukemia, lymphoma, and melanoma cells, and cells infected with a virus. 

A method for producing TRAIL polypeptides involves culturing host cells 
10 transformed with a recombinant expression vector that contains TRAEL-encoding DNA 
under conditions appropriate for expression of TRAIL, then recovering the expressed 
TRAIL polypeptide from the culture. Antibodies directed against TRAIL polypeptides 
are also provided. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 presents the results of an assay described in example 8. The assay 
demonstrated that a soluble human TRAIL polypeptide induced death of Jurkat cells, 
which are a leukemia cell line. 

Figure 2 presents the results of an assay described in example 1 1. Contact with 
20 a soluble human TRAIL polypeptide induced death of cytomegalovims-infected human 
fibroblasts, whereas non-virally infected fibroblasts were not killed. 

PETAIUFP DESCRIPTION OF THE INVENTION 

A novel protein designated TRAIL is provided herein, along with DNA 
25 encoding TRAIL and recombinant expression vectors comprising TRAIL DNA. A 
method for producing recombinant TRAIL polypeptides involves cultivating host cells 
transformed with the recombinant expression vectors under conditions appropriate for 
expression of TRAIL, and recovering the expressed TRAIL. 

The present invention also provides antibodies that specifically bind TRAIL 
30 proteins. In one embodiment, the antibodies are monoclonal antibodies. 

The TRAIL protein induces apoptosis of certain types of target cells, such as 
transformed cells that include but are not limited to cancer cells and virally-infected 
cells. As demonstrated in examples 5, 8, 9, and 10 below, TRAIL induced apoptosis 
of human leukemia, lymphoma, and melanoma cell lines. Among the uses of TRAIL is 
35 use in killing cancer cells. TRAIL finds further use in treatment of viral infections. 
Infection with cytomegalovirus (CMV) rendered human fibroblasts susceptible to 
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apoptosis when contacted with TRAIL, whereas uninfected fibroblasts were not killed 
through contact with TRAIL (see example 1 1). 

Isolation of a DNA encoding human TRAIL is described in example 1 below. 
The nucleotide sequence of the human TRAIL DNA isolated in example 1 is presented 
5 in SEQ ID NO: 1 , and the amino acid sequence encoded thereby is presented in SEQ ID 
NO:2. This human TRAIL protein comprises an N-terminal cytoplasmic domain 
(amino acids 1-18), a transmembrane region (amino acids 19-38), and an extracellular 
domain (amino acids 39-28 1). The extracellular domain contains a receptor-binding 
region. 

10 E. coli strain DH10B cells transformed with a recombinant vector containing 

thi s human TRAIL DNA were deposited with the American Type Culture Collection on 
June 14, 1995. and assigned accession no. 69849. The deposit was made under the 
terms of the Budapest Treaty. The recombinant vector in the deposited strain is the 
expression vector pDC409 (described in example 5). The vector was digested with 

15 Sail and NotI, and human TRAIL DNA that includes the entire coding region shown in 
SEQ ID NO: 1 was ligated into the vector. 

DNA encoding a second human TRAIL protein was isolated as described in 
example 2. The nucleotide sequence of this DNA is presented in SEQ ID NO:3 t and 
the amino acid sequence encoded thereby is presented in SEQ ID NO:4. The encoded 

20 protein comprises an N-terminal cytoplasmic domain (amino acids 1-18), a 

transmembrane region (amino acids 19-38), and an extracellular domain (amino acids 
39-101). 

The DNA of SEQ ID NO:3 lacks a portion of the DNA of SEQ ID NO: 1 , and is 
thus designated the human TRAIL deletion variant (huTRAJLdv) clone. Nucleotides 
25 18 through 358 of SEQ ID NO:l are identical to nucleotides 8 through 348 of the 
huTRAILdv DNA of SEQ ID NO:3. Nucleotides 359 through 506 of SEQ ID NO: 1 
are missing from the cloned DNA of SEQ ID NO:3. The deletion causes a shift in the 
reading frame, which results in an in-frame stop codon after amino acid 101 of SEQ ID 
NO:4. The DNA of SEQ ID NO:3 thus encodes a truncated protein. Amino acids 1 

30 through 90 of SEQ ID NO:2 arc identical lo amino acids 1 through 90 of SEQ ID NO:4. 
However, due to the deletion, the C-terminal portion of the huTRAILdv protein (amino 
acids 91 through 101 of SEQ ID NO:4) differs from the residues in the corresponding 
positions in SEQ ID NO:2. In contrast to the full length huTRAIL protein, the 
truncated huTRAILdv protein does not exhibit the ability to induce apoptosis of the T 

35 cell leukemia cells of the JurkatceU line. 

DNA encoding a mouse TRAIL protein has also been isolated, as described in 
examples. The nucleotide sequence of this DNA is presented in SEQ ID NO:5 and the 
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amino acid sequence encoded thereby is presented in SEQ ID NO:6. The encoded 
protein comprises an N-terminal cytoplasmic domain (amino acids 1-17), a 
transmembrane region (amino acids 18-38), and an extracellular domain (amino acids 
39-291). This mouse TRAIL is 64% identical to the human TRAIL of SEQ ID NO:2 at 
5 the amino acid level. The coding region of the mouse TRAIL nucleotide sequence is 
75% identical to the coding region of the human nucleotide sequence of SEQ ID NO: 1. 

One embodiment of the present invention is directed to human TRAIL protein 
characterized by the N-tenninal amino acid sequence MetAlaMetMetGlu ValGlnGly 
GlyProSerLeuGiyGlnThr (arnino acids 1- 15 of SEQ ID NOS:2 and 4). Mouse TRAIL . 
10 proteins characterized by the N-terrninal amino acid sequence MetProSerSeiGlyAIa 
LeuLysAspLeuSerPheSerGInHis (amino acids 1-15 of SEQ ID NO:6) are also 
provided herein. 

The TRAIL of the present invention is distinct from the protein known as Fas 
ligand (Suda et al., Cell 75: 1 169, 1993; Takahashi et aL f International Immunology 

15 6:1567, 1994). Fas ligand induces apoptosis of certain cell types, via the receptor 

known as Fas. As demonstrated in example 5, TRAIL-induced apoptosis of target cells 
is not mediated through Fas. The human TRAIL amino acid sequence of SEQ ID N02 
is about 20% identical to the human Fas ligand amino acid sequence that is presented in 
Takahashi et al. f supra. The extracellular domain of human TRAIL is about 28.4% 

20 identical to the extracellular domain of human Fas ligand. 

The amino acid sequences disclosed herein reveal that TRAIL is a member of 
the TNF family of ligands (Smith et al. Cell, 73: 1 349, 1993; Suda et al., Cell 
75:1 169, 1993; Smith et al.. Cell, 76:959, 1994). The percent identities between the 
human TRAIL extracellular domain arnino acid sequence and the amino acid sequence 

25 of the extracellular domain of other proteins of this family are as follows: 28.4% with 
Fas ligand, 22.4% with lympbotoxin-p, 22.9% with TNF-a, 23. 1 % with TNF-p, 
22.1% with CX>30 ligand, and 23.4% with CD40 ligand. 

TRAIL was tested for ability to bind receptors of the TNF-R family of 
receptors. The binding analysis was conducted using the slide autoradiography 

30 procedure of Gearing et al. (EMBO /. 8:3667, 1989). The analysis revealed no 

detectable binding of human TRAIL to human CD30, CD40. 4-1BB, OX40, TNF-R 
(p80 form), CD27, or LTpR (also known as TNFR-RP). The results in example 5 
indicate that human TRAIL does not bind human Fas. 

The TRAIL polypeptides of the present invention include polypeptides having 

35 amino acid sequences that differ from, but are highly homologous to. those presented 
in SEQ ID NOS:2 and 6. Examples include, but are not limited to, homologs derived 
from other m™"™"™ species, variants (both naturally occurring variants and those 
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generated by recombinant DN A technology), and TRAIL fragments that retain a desired 
biological activity. Such polypeptides exhibit a biological activity of the TRAIL 
proteins of SEQ ID NOS:2 and 6, and preferably comprise an amino acid sequence that 
is at least 80% identical (most preferably at least 90% identical) to the amino acid 
sequence presented in SEQ ID NO:2 or SEQ ID NO;6. These emrjodiments of the 
present invention are described in more detail below. 

Conserved sequences located in the C-terminal portion of proteins in the TNF 
family are identified in Smith et al. {Cell 73:1349, 1993. sec page 1353 and Figure 6); 
Suda et al. {Cell. 75:1 169, 1993. see figure 7); Smith et al. (Cell, 76:959. 1994, see 
figure 3); and Goodwin ct al. (Eur, X Immunol, 23:2631. 1993, see figure 7 and 
pages 2638-39). hereby incorporated by reference. Among the amino acids in the 
human TRAIL protein that are conserved (in at least a majority of TNF family 
members) are those in positions 124-125 (AH), 136 (L), 154 (W), 169 (L), 174 (L). 
180 (G), 182 (Y). 187 (Q), 190 (F), 193 (Q), and 275-276 (FG) of SEQ ID NO:2. 
15 Another structural feature of TRAIL is a spacer region between the C-terminus of the 
trans-membrane region and the portion of the extracellular domain that is believed to be 
most important for biological activity. This spacer region, located at the N-terrninus of 
the extracellular domain, consists of amino acids 39 through 94 of SEQ ID NO:2. 
Analogous spacers are found in other family members, e.g., CD40 ligand. Amino 
20 acids 138 through 153 correspond to a loop between the B sheets of the folded (three 
dimensional) human TRAIL protein. 

Provided herein are membrane-bound TRAIL proteins (comprising a 
cytoplasmic domain, a transmembrane region, and an extracellular domain) as well as 
TRAIL fragments that retain a desired biological property of the full length TRAIL 
25 protein. In one embodiment, TRAIL fragments are soluble TRAIL polypeptides 

comprising all or part of the extracellular domain, but lacking the transmembrane region 
that would cause retention of the polypeptide on a cell membrane. Soluble TRAIL 
proteins are capable of being secreted from the cells in which they are expressed. 
Advantageously, a heterologous signal peptide is fused to the N-terrninus such that the 
30 soluble TRAIL is secreted upon expression. 

Soluble TRAIL may be identified (and distinguished from its non-soluble 
membrane-bound counterparts) by separating intact cells which express the desired 
protein from the culture medium, e.g., by centrifugation, and assaying the medium 
(supernatant) for the presence of the desired protein. The presence of TRAIL in the 
35 medium indicates that the protein was secreted from the cells and thus is a soluble form 
of the TRAIL protein. Naturally-occurring soluble forms of TRAIL are encompassed 
by the present invention. 
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The use of soluble forms of TRAIL is advantageous for certain applications. 
Purification of the proteins from recombinant host cells is facilitated, since the soluble 
proteins are secreted from the cells. Further, soluble proteins are generally more 
suitable for intravenous adininistration. 

5 Examples of soluble TRAIL polypeptides are those containing the entire 

extracellular domain (e.g„ amino acids 39 to 281 of SEQ ID NO:2 or amino acids 39 to 
291 of SEQ ID NO:6). Fragments of the extracellular domain that retain a desired 
biological activity are also provided. Such fragments advantageously include regions 
of TRAIL that are conserved in proteins of the TNF family of ligands. as described 

10 above. 

Additional examples of soluble TRAIL polypeptides are those lacking not only 
the cytoplasmic domain and transmembrane region, but also all or part of the above- 
described spacer region. Soluble human TRAIL polypeptides thus include, but are not 
limited to. polypeptides comprising amino acids x to 28 1. wherein x represents any of 
15 the amino acids in positions 39 through 95 of SEQ ID NO:2. In the embodiment in 
which residue 95 is the N-terminal amino acid, the entire spacer region has been 
deleted. 

TRAIL fragments, including soluble polypeptides, may be prepared by any of a 
number of conventional techniques. A DNA sequence encoding a desired TRAIL 

20 fragment may be subcloned into an expression vector for production of the TRAIL 

fragment. The TRAlL-encoding DNA sequence advantageously is fused to a sequence 
encoding a suitable leader or signal peptide. The desired TRAIL^ncoding DNA 
fragment may be chemically synthesized using known techniques. DNA fragments 
also may be produced by restriction endonuclease digestion of a full length cloned DNA 

25 sequence, and isolated by electrophoresis on agarose gels. If necessary. 

oligonucleotides that reconstruct the 5' or 3' tenninus to a desired point may be ligated 
to a DNA fragment generated by restriction enzyme digestion. Such oligonucleotides 
may additionally contain a restriction endonuclease cleavage site upstream of the desired 
coding sequence, and position an initiation codon (ATG) at the N-terminus of the 

30 coding sequence. 

The well known polymerase chain reaction (PGR) procedure also may be 
employed to isolate and amplify a DNA sequence encoding a desired protein fragment 
Oligonucleotides that define the desired termini of the DNA fragment are employed as 
5' and 3' primers. The oligonucleotides may additionally contain recognition sites for 

35 restriction endonucleases. to faciliate insertion of the amplified DNA fragment into an 
expression vector. PCR techniques are described in Saiki et al M Science 239:487 
(1988); Recombinant DNA Methodology. Wu et aL. eds.. Academic Press, Inc., San 
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Diego (1989), pp. 189-196; and PCR Protocols; A Guide to Methods and 
Applications, Innis et al., eds.. Academic Press, Inc. (1990). 

As will be understood by the skilled artisan, the transmembrane region of each 
TRAIL protein discussed above is identified in accordance with conventional criteria for 
5 identifying that type of hydrophobic domain. The exact boundaries of a transmembrane 
region may vary slightly (most likely by no more than five amino acids on either end) 
from those presented above. Computer programs useful for identifying such 
hydrophobic regions in proteins are available. 

The TRAIL DNA of the present invention includes cDNA, chemically 
10 synthesized DNA, DNA isolated by PCR, genomic DNA, and combinations thereof. 
Genomic TRAIL DNA may be isolated by hybridization to the TRAIL cDN A disclosed 
herein using standard techniques. RNA transcribed from the TRAIL DNA is also 
encompassed by the present invention. 

A search of the NCBI databank identified five expressed sequence tags (ESTs) 
15 having regions of identity with TRAIL DNA. These ESTs (NCBI accession numbers 
T90422, T82085, T10524, R31020, and Z36726) are all human cDNA fragments. 
The NCBI records do not disclose any polypeptide encoded by the ESTs, and do not 
indicate what the reading frame, if any, might be. However, even if the knowledge of 
the reading frame revealed herein by disclosure of complete TRAIL coding regions is 
20 used to express the ESTs, none of the encoded polypeptides would have the apoptosis- 
inducing property of the presenUy-claimed TRAIL polypeptides. In other words, if 
each of the five ESTs were inserted into expression vectors downstream from an 
initiator methionine codon, in the reading frame elucidated herein, none of the resulting 
expressed polypeptides would contain a sufficient portion of the extracellular domain of 
25 TRAIL to induce apoptosis of Jurkat cells. 

Certain embodiments of the present invention provide isolated DNA comprising 
a nucleotide sequence selected from the group consisting of nucleotides 88 to 933 of 
SEQ ID NO: 1 (human TRAIL coding region); nucleotides 202 to 933 of SEQ ID NO: 1 
(encoding the human TRAIL extracellular domain); nucleotides 47 to 922 of SEQ ID 
30 NO:5 (mouse TRAIL coding region); and nucleotides 261 to 922 of SEQ ID NO:5 

(encoding the mouse TRAIL extracellular domain). DN As encoding biologically active 
fragments of the proteins of SEQ ID NOS:2 and 6 are also provided. Further 
ernbodiments include sequences comprising nucleotides 370 to 930 of SEQ ID NO:l 
and nucleotides 341 to 919 of SEQ ID NO:5, which encode the particular human and 
35 murine soluble TRAIL polypeptides, respectively, described in example 7. 

Due to degeneracy of the genetic code, two DNA sequences may differ, yet 
encode the same amino acid sequence. The present invention thus provides isolated 
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DNA sequences encoding biologically active TRAIL, selected from DNA comprising 
the coding region of a native human or murine TRAIL cDNA, or fragments thereof, 
and DNA which is degenerate as a result of the genetic code to the native TRAIL DNA 
sequence. 

5 Also provided herein are purified TRAIL polypeptides, both recombinant and 

non-recombinant Variants and derivatives of native TRAIL proteins that retain a 
desired biological activity are also within the scope of the present invention. In one 
embodiment, the biological activity of an TRAIL variant is essentially equivalent to the 
biological activity of a native TRAIL protein. One desired biological activity of TRAIL 

10 is the ability to induce death of Jurkat cells. Assay procedures for detecting apoptosis 
of target cells are well known. DNA laddering is among the characteristics of cell death 
via apoptosis, and is recognized as one of the observable phenomena that distinguish 
apoptotic cell death from necrotic cell death. Examples of assay techniques suitable for 
detecting death or apoptosis of target cells include those described in examples 5 and 8 

15 to 1 1. Another property of TRAIL is the ability to bind to Jurkat cells. 

TRAIL variants may be obtained by mutations of native TRAIL nucleotide 
sequences, for example. A TRAIL variant, as referred to herein, is a polypeptide 
substantially homologous to a native TRAIL, but which has an amino acid sequence 
different from that of native TRAIL because of one or a plurality of deletions, insertions 

20 or substitutions. TRAIL-encoding DNA sequences of the present invention encompass 
sequences that comprise one or more additions, deletions, or substitutions of 
nucleotides when compared to a native TRAIL DNA sequence, but that encode an 
TRAIL protein that is essentially biologically equivalent to a native TRAIL protein. 

The variant amino acid or DNA sequence preferably is at least 80% identical to a 

25 native TRAIL sequence, most preferably at least 90% identical. The degree of 
homology (percent identity) between a native and a mutant sequence may be 
determined, for example, by comparing the two sequences using computer programs 
commonly employed for this purpose. One suitable program is the GAP computer 
program, version 6.0, described by Devereux et al. {Nuci Acids Res. 12:387, 1984) 

30 and available from the University of Wisconsin Genetics Computer Group (UWGCG). 
The GAP program utilizes the alignment method of Needleman and Wunsch (/. MoL 
Biol 48:443, 1970), as revised by Smith and Waterman {Adv. Appl Malh 2:482, 
1981). Briefly, the GAP program defines identity as the number of aligned symbols 
(i a, nucleotides or amino acids) which are identical, divided by the total number of 

35 symbols in the shorter of the two sequences. The preferred default parameters for the 
GAP program include: (1) a unary comparison matrix (containing a value of 1 for 
identities and 0 for non-identities) for nucleotides, and the weighted comparison matrix 
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of Gribskov and Burgess. Nucl Acid, Res. 14:6745, 1986. as described by Schwartz 
and Dayhoff. eds.. Atlas of Protein Sequence and Structure. National Biomedical 
Research Foundation, pp. 353-358. 1979; (2)apenalty of 3.0 for each gap and an 
additional 0. 1 0 penalty for each symbol in each gap; and (3) no penalty for end gaps. 
5 Alterations of the native amino acid sequence may be accomplished by any of a 

number of known techniques. Mutations can be introduced at particular loci by 
synthesizing oligonucleotides containing a mutant sequence, flanked by restriction sites 
enabling ligation to fragments of the native sequence. Following ligation, the resulting 
reconstructed sequence encodes an analog having the desired amino acid insertion. 
10 substitution, or deletion. 

Alternatively. ohgonucleotioVdirected site-specific mutagenesis procedures can 
be employed to provide an altered gene having particular codons altered according to 
the substitution, deletion, or insertion required. Techniques for making such alterations 
include those disclosed by Walder et aL (Gene 42: 133. 1986); Bauer et al. (Gene 
15 37 73 1985); Craik (BioTechniques, January 1985. 12-19); Smith et aL (Genetic 
En g in\erin S : Principles and Methods, Plenum Press. 1981); andU.S. PatentNos. 
4.518 584 and 4.737.462. which are incorporated by reference herein. 

' Variants may comprise conservatively substituted sequences, meaning that one 
or more amino acid residues of a native TRAIL polypeptide are replaced by different 
20 residues, but that the conservatively substituted TRAIL polypeptide retains a desired 
biological activity that is essentially equivalent to that of a native TRAIL polypeptide. 
Examples of conservative substitutions include substitution of amino acids that do not 
alter the secondary and/or tertiary structure of TRAIL. Other examples involve 
substitution of amino acids outside of the receptor-binding domain, when the desired 
25 biological activity is the ability to bind to a receptor on target cells and induce apoptos.s 
of the target cells. A given amino acid may be replaced by a residue having similar 
physiochemical characteristics. e.g.. substituting one aliphatic residue for another (such 
as lie Val Leu. or Ala for one another), or substitution of one polar residue for 
another (such as between Lys and Arg; Glu and Asp; or Gin and Asn). Other such 
30 conservative substitutions, e.g.. substitutions of entire regions having similar 
hydrophobicity characteristics, are well known. TRAIL polypeptides comprising 
conservative amino acid substitutions may be tested in one of the assays described 
herein to confirm mat a desired biological activity of a native TRAIL is retained. DNA 
sequences encoding TRAIL polypeptides that contain such conservative amino acid 
35 substitutions are encompassed by the present invention. 

Conserved amino acids located in the C-terminal portion of proteins intheTNF 
family and believed to be important for biological activity, have been identified. These 
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conserved sequences are discussed in Smith et al. (Cell, 73:1349. 1993. see page 1353 
and Figure 6); Suda et al. {Cell. 75: 1 169, 1993. see figure 7); Smith et al. {Cell 
76:959. 1994, see figure 3); and Goodwin et al. (Eur. J. Immunol. 23:2631, 1993. 
see figure 7 and pages 263S-39). Advantageously, the conserved amino acids are not 

5 altered when generating conservatively substituted sequences. If altered, amino acids 
found at equivalent positions in other members of the TNF family are substituted. 

TRAIL also may be modified to create TRAIL derivatives by forming covalent 
or aggregative conjugates with other chemical moieties, such as glycosyl groups, 
lipids, phosphate; acetyl groups and the like. Covalent derivatives of TRAIL may be 

10 prepared by Unking the chemical moieties to functional groups on TRAIL amino acid 
side chains or at the N-terminus or C-terminus of a TRAIL polypeptide or the 
extracellular domain thereof. Other derivatives of TRAIL within the scope of this 
invention include covalent or aggregative conjugates of TRAIL or its fragments with 
other proteins or polypeptides, such as by synthesis in recombinant culture as N- 

15 terminal or C-terminal fusions. For example, the conjugate may comprise a signal or 
leader polypeptide sequence (e.g. the o-factor leader of Saccharomyces) at the N- 
terminus of a TRAIL polypeptide. The signal or leader peptide cc-translationally or 
post-translationally directs transfer of the conjugate from its site of synthesis to a site 
inside or outside of the cell membrane or cell wall. 

20 TRAIL polypeptide fusions can comprise peptides added to facilitate 

purification and identification of TRAIL. Such peptides include, for example, poIy-His 
or the antigenic identification peptides described in U.S. Patent No. 5,01 1,912 and in 
Hopp et al., Bio/Technology 6: 1204, 1988. One such peptide is the FLAG® peptide, 
Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys (DYKDDDDK) (SEQ ID NO:7), which is highly 

25 antigenic and provides an epitope reversely bound by a specific monoclonal antibody, 
thus enabling rapid assay and facile purification of expressed recombinant protein. 
This sequence is also specifically cleaved by bovine mucosal enterokinase at the residue 
immediately following the Asp-Lys pairing. Fusion proteins capped with this peptide 
may also be resistant to intracellular degradation in E. coli. 

30 A murine hybridoma designated 4E1 1 produces a monoclonal antibody that 

binds the peptide DYKDDDDK (SEQ ID NO:7) in the presence of certain divalent metal 
cations (as described in U.S. Patent 5,01 1.912), and has been deposited with the 
American Type Culture Collection under accession no HB 9259. Expression systems 
useful for producing recombinant proteins fused to the FLAG® peptide, as well as 

35 monoclonal antibodies that bind the peptide and are useful in purifying the recombinant 
proteins, are available from Eastman Kodak Company, Scientific Imaging Systems. 
New Haven, Connecticut 
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The present invention farther includes TRAIL polypeptides with or without 
associated native-pattern glycosylate!. TRAIL expressed in yeast or mammalian 
expression systems may be similar to or significantly different from a native TRAIL 
polypeptide in molecular weight and glycosylate pattern, depending upon the choice 
of expression system. Expression of TRAIL polypeptides in bacterial expression 
systems, such as £ colt, provides non-glycosylated molecules. 

Glycosylate sites in the TRAIL extracellular domain can be modified to 
preclude glycosylate while allowing expression of a homogeneous, reduced 
carbohydrate analog using yeast or mammalian expression systems. N-glycosylation 
sites in eukaryotic polypeptides are characterized by an amino add triplet Asn-X-Y. 
wherein X is any amino acid except Pro and Y is Ser or Thr. Appropriate 
modifications to the nucleotide sequence encoding this triplet will result in 
substitutions, additions or deletions that prevent attachment of carbohydrate residues at 
the Asn side chain. Known procedures for inactivating N-glycosylation sites in 
15 proteins include those described in U.S. Patent 5,071.972 and EP 276.846. A 
potential N-glycosylation site is found at positions 109-111 in the human protein of 
SEQ ID NO:2 and at positions 52-54 in the murine protein of SEQ ID NO:6. 

In another example, sequences encoding Cys residues that are not essential for 
biological activity can be altered to cause the Cys residues to be deleted or replaced with 
20 other amino acids, preventing formation of incorrect intramolecular disulfide bridges 
upon renauiration. Other variants are prepared by modification of adjacent dibasic 
amino acid residues to enhance expression in yeast systems in which KEX2 protease 
activity is present. EP 212.914 discloses the use of site-specific mutagenesis to 
inactivate KEX2 protease processing sites in a protein. KEX2 protease processing 
25 sites are inactivated by deleting, adding or substituting residues to alter Arg-Arg. 
Arg-Lys, and Lys-Arg pairs to eliminate the occurrence of these adjacent basic 
residues. Lys-Lys pairings are considerably less susceptible to KEX2 cleavage, and 
conversion of Arg-Lys or Lys-Arg to Lys-Lys represents a conservative and preferred 
approach to inactivating KEX2 sites. Potential KEX2 protease processing sites are 
30 found at positions 89-90 and 149-150 in the protein of SEQ ID NO:2, and at positions 
85-86, 135-136, and 162-163 in the protein of SEQ ID NO:6. 

Naturally occurring TRAIL variants are also encompassed by the present 
invention. Examples of such variants are proteins that result from alternative mRNA 
splicing events (since TRAIL is encoded by a multi-exon gene) or from proteolytic 
35 cleavage of the TRAIL protein, wherein a desired biological activity is retained. 
Alternate splfcmg of n*NArr^^ 

protein such as a naturally occurring soluble form of the protein, for example. 
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Variations attributable to proteolysis include, for example, differences in the N- or C- 
termini upon expression in different types of host cells, due to proteolytic removal of 
one or more terminal amino acids from the TRAIL protein. In addition, proteolytic 
cleavage may release a soluble form of TRAIL from a membrane-bound form of the 
5 protein. Allelic variants are also encompassed by the present invention. 

Oligomers 

The present invention encompasses TRAIL polypeptides in the form of 
oligomers, such as dimers, miners, or higher oligomers. Oligomers may be formed by 
10 disulfide bonds between cysteine residues on different TRAIL polypeptides, or by non- 
covalent interactions between TRAIL polypeptide chains, for example. In other 
embodiments, oligomers comprise from two to four TRAIL polypeptides joined via 
covalent or non-covalent interactions between peptide moieties fused to the TRAIL 
polypeptides. Such peptides may be peptide linkers (spacers), or peptides that have the 
15 property of promoting oligomerization. Leucine zippers and certain polypeptides 
derived from antibodies are among the peptides that can promote oUgomerization of 
TRAIL polypeptides attached thereto, as described in more detail below. The TRAIL 
polypeptides preferably are soluble. 

Preparation effusion proteins comprising heterologous polypeptides fused to 
20 various portions of antibody^derived polypeptides (including the Fc domain) has been 
described, e.g., by Ashkenazi et al. (PNAS USA 88:10535, 1991); Bym et al. (Nature 
344:667, 1990); and Holienbaugh and ArufTo ("Construction of Immunoglobulin 
Fusion Proteins", in Current Protocols in Immunology. Supplement 4, pages 10.19.1 - 
10.19.11, 1992). hereby incorporated by reference. In one embodiment of the 
25 invention, an TRAIL dimer is created by fusing TRAIL to an Fc region polypeptide 
derived from an antibody. The term "Fc polypeptide" includes native and mutein 
forms, as well as truncated Fc polypeptides containing the hinge region that promotes 
dimerization. The Fc polypeptide preferably is fused to a soluble TRAIL (e.g.. 
comprising only the extracellular domain). 
30 A gene fusion encoding the TRAIL/Fc fusion protein is inserted into an 

appropriate expression vector. The TRAIL/Fc fusion proteins are allowed to assemble 
much like antibody molecules, whereupon interchain disulfide bonds form between the 
Fc polypeptides, yielding divalent TRAIL. In other embodiments, TRAIL may be 
substituted for the variable portion of an antibody heavy or light chain. Iffusion 
35 proteins are made with both heavy and light chains of an antibody, it is possible to form 
an TRAIL oligomer with as many as four TRAIL extracellular regions. 
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One suitable Fc polypeptide is the native Fc region polypeptide derived from a 
human IgGl, which is described in PCT application WO 93/10151. hereby 
incorporated by reference. Another useful Fc polypeptide is the Fc mutein described in 
U.S. Patent 5,457,035. The amino acid sequence of the mutein is identical to that of 

5 the native Fc sequence presented in WO 93/10151, except that amino acid 19 has been 
changed from Leu to Ala, amino acid 20 has been changed from Leu to Glu, and amino 
acid 22 has been changed from Gly to Ala, This mutein Fc exhibits reduced affinity for 
immunoglobulin receptors. 

Alternatively, oligomeric TRAIL may comprise two or more soluble TRAIL 

10 polypeptides joined through peptide linkers. Examples include those peptide linkers 
described in United States Patent 5,073,627 (hereby incorporated by reference): 
Fusion proteins comprising multiple TRAIL polypeptides separated by peptide linkers 
may be produced using conventional recombinant DN A technology. 

Another method for preparing oligomeric TRAIL polypeptides involves use of a 

15 leucine zipper. Leucine zipper domains are peptides that promote oUgomerization of the 
proteins in which they are found. Leucine zippers were originally identified in several 
DNA-binding proteins (Landschulz et aL, Science 240:1759, 1988). and have since 
been found in a variety of different proteins. Among the known leucine zippers are 
naturally occurring peptides and derivatives thereof that dimerize or trimerize. 

20 Examples of leucine zipper domains suitable for producing soluble oligomeric TRAIL 
proteins are those described PCT application WO 94/10308. hereby incorporated by 
reference. Recombinant fusion proteins comprising a soluble TRAIL polypeptide fused 
to a peptide that dimerizes or trimerizes in solution are expressed in suitable host cells, 
and the resulting soluble oligomeric TRAIL is recovered from the culture supernatant. 

25 Certain members of the TNF family of proteins are believed to exist in trimeric 

form (Beutler and Huffel, Science 264:667. 1994; Banner et al., Cell 73:431, 1993). 
Thus, trimeric TRAIL may offer the advantage of enhanced biological activity. 
Preferred leucine zipper moieties are those that preferentially form trimers. One 
example is a leucine zipper derived from lung surfactant protein D (SPD), as described 

30 in Hoppe et al. (FEBS Utters 344:191. 1994) and in U.S. Patent application serial no. 
08/446.922, hereby incorporated by reference. Other peptides derived from naturally 
occurring trimeric proteins may be employed in preparing trimeric TRAIL. 

As described in example 7. a soluble Flag®-TRAIL polypeptide expressed in 
CV-1/EBNA cells spontaneously formed oligomers believed to be a mixture of dimers 

35 and trimers. The cytotoxic effect of mis soluble Flag®-TRAIL in the assay of example 
8 was enhanced by including an anti-Flag® antibody, possibly because the antibody 
facilitated cross-linking of TRAIL/receptor complexes. In one embodiment of the 
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invention, biological activity of TRAIL is enhanced by employing TRAIL in 
conjunction with an antibody that is capable of cross-linking TRAIL. Cells that are to 
be killed may be contacted with both a soluble TRAIL polypeptide and such an 
antibody. 

5 As one example, cancer or virally infected cells are contacted with an anti-Flag® 

antibody and a soluble Hag®-TRAIL polypeptide. Preferably, an antibody fragment 
lacking the Fc region is employed. Bivalent forms of the antibody may bind the Flag® 
moieties of two soluble Flag®-TRAIL polypeptides that are found in separate dimers or 
trimers. The antibody may be mixed or incubated with a Flag®-TRAIL polypeptide 

10 prior to administration in vivo. 

FffrTrfrf irt n Svstems 

The present invention provides recombinant expression vectors for expression 
of TRAIL, and host cells transformed with the expression vectors. Any suitable 

15 expression system may be employed. The vectors include a DN A encoding a TRAIL 
polypeptide, operably linked to suitable transcriptional or translation^ regulatory 
nucleotide sequences, such as those derived from a mammalian, microbial, viral, or 
insect gene. Examples of regulatory sequences include transcriptional promoters, 
operators, or enhancers, an mRN A ribosomal binding site, and appropriate sequences 

20 which control transcription and translation initiation and termination. Nucleotide 

sequences are operably linked when the regulatory sequence functionally relates to the 
TRAIL DN A sequence. Thus, a promoter nucleotide sequence is operably linked to an 
TRAIL DNA sequence if the promoter nucleotide sequence controls the transcription of 
the TRAIL DNA sequence. An origin of replication that confers the ability to replicate 

25 in the desired host cells, and a selection gene by which transformants are identified, are 
generally incorporated into the expression vector. 

In addition, a sequence encoding an appropriate signal peptide can be 
incorporated into expression vectors. A DNA sequence for a signal peptide (secretory 
leader) may be fused in frame to the TRAIL sequence so that the TRAIL is initially 

30 translated as a fusion protein comprising the signal peptide. A signal peptide that is 
functional in the intended host cells promotes extracellular secretion of the TRAIL 
polypeptide. The signal peptide is cleaved from the TRAIL polypeptide upon secretion 
of TRAIL from the cell. 

Suitable host cells for expression of TRAIL polypeptides include prokaryotes, 

35 yeast or higher eukaryotic cells. Appropriate cloning and expression vectors for use 
with bacterial, fungal, yeast, and mammalian cellular hosts are described, for example, 
in Pouwels et al. Cloning Vectors: A Laboratory Manual Elsevier, New York, 
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(1985). Cell-free translation systems could also be employed to produce TRAIL 
polypeptides using RNAs derived from DNA constructs disclosed herein. 

Prokaryotes include gram negative or gram positive organisms, for example, E 
coli or Bacilli Suitable prokaryotic host cells for transformation include, for example, 
E. coli. Bacillus subtilis, Salmonella typhimurium, and various other species within the 
ZtmnPseudomonas, Streptomyces, and Staphylococcus. In a prokaryotic host cell, 
such as E coli, a TRAIL polypeptide may include an N-terminal methionine residue to 
facilitate expression of the recombinant polypeptide in the prokaryotic host ceil. Hie N- 
terminal Met may be cleaved from the expressed recombinant TRAIL polypeptide. 

Expression vectors for use in prokaryotic host cells generally comprise one or 
more phenotypic selectable marker genes. A phenotypic selectable marker gene is, for 
example, a gene encoding a protein that confers antibiotic resistance or that supplies an 
autotrophic requirement Examples of useful expression vectors for prokaryotic host 
cells include those derived from commercially available plasmids such as the cloning 
15 vector pBR322 (ATCC 37017). pBR322 contains genes for ampicillin and tetracycline 
resistance and thus provides simple means for identifying transformed cells. An 
appropriate promoter and a TRAIL DNA sequence are inserted into the pBR322 vector. 
Other commercially available vectors include, for example, P KK223-3 (Pharmacia Fine 
Chemicals, Uppsala, Sweden) and pGEMl (Promega Biotec, Madison, WI. USA). 
20 Promoter sequences commonly used for recombinant prokaryotic host cell 

expression vectors include ^-lactamase (penicillinase), lactose promoter system (Chang 
et al., Nature 275:615. 1978; and Goeddel et al., Nature 257:544, 1979), tryptophan 
(trp) 'promoter system (Goeddel et al., Nucl. Acids Res. 5:4057. i?80; and EP-A- 
36776) and tac promoter (Maniatis. Molecular Cloning: A Laboratory Manual. Cold 
25 Spring Harbor Laboratory, p. 412, 1982). A particularly useful prokaryotic host cell 
expression system employs a phage X Pl promoter and a cI857ts thermolabile repressor 
sequence. Plasmid vectors available from the American Type Culture Collection which 
incorporate derivatives of the X Pl promoter include plasmid P HUB2 (resident in E 
coli strain JMB9, ATCC 37092) and P PLc28 (resident in E coli RR1. ATCC 53082). 
30 TRAIL alternatively may be expressed in yeast host cells, preferably from the 

Saccha romyces genus (e.g., S. cerevisiae). Other genera of yeast, such as Pichia or 
Kluyveromyces, may also be employed. Yeast vectors will often contain an origin of 
replication sequence from a 2u yeast plasmid, an autonomously repUcating sequence 
(ARS), a promoter region, sequences for polyadeaylation. sequences for transcription 
35 termination, and a selectable marker gene. Suitable promoter sequences for yeast ' 
vectors include, among others, promoters for metallothionein, 3-phosphoglycerate 
kinase (Hitzeman et al., J. Biol Chem. 255:2073, 1980) or other glycolytic enzymes 
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(Hess etal:. J. Adv. Enzyme Reg. 7:149. 1968; and Holland et al., Biochem. 77:4900. 
1978), such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexoldnase. 
pyruvate decarboxylase, phosphofnictokinase, glucose-6-phosphate isomerase, 3- 
phosphoglycerate mutase. pyruvate kinase, triosepbosphate isomerase, phosphc- 
5 glucose isomerase. and glucokinase. Other suitable vectors and promoters for use m 
yeast expression are farther described in Hirzeman. EPA-73.657. Another alternative 
is the glucose-iepressibleADH2 promoter described by Russell et al. (/. Biol. Chem. 
2J&2674. l982)andBeieretal.(N fl mr e J(X):724.1982). Shuttle vectors replicable m 
both yeast and E. coti may be constructed by inserting DNA sequences from pBR322 
10 for selection and replication in K coti (Amp* gene and origin of replication) into the 
above-described yeast vectors. 

The yeast tx-factor leader sequence may be employed to direct secretion of the 
TRAIL polypeptide. The a-factor leader sequence is often inserted between the 
promoter sequence and the structural gene sequence. See, e.g., Kurjan et al.. Cell 
15 30:933. 1982 and Bitter et al.. Proc. NatL Acad. ScL USA 57:5330. 1984. Other 
leader sequences suitable for facilitating secretion of recombinant polypeptides from 
yeast hosts are known to those of skill in the art. A leader sequence may be modified 
near its 3' end to contain one or more restriction sites. This will facilitate fusion of the 
leader sequence to the structural gene. 
20 Yeast transformation protocols are known to those of skill in the art One such 

protocol is described by Hinnen et al.. Proc. NatL Acad. Set USA 75:1929. 1978. 
The Hinnen et al. protocol selects forTrp+ transformants in a selective medium, 
wherein the selective medium consists of 0.67% yeast nitrogen base, 0.5% casamino 
acids. 2% glucose. 10 u\g/ml adenine and 20 (ig/ml uracil. 
25 Yeast host cells transformed by vectors containing an ADH2 promoter sequence 

may be grown for inducing expression in a "rich" medium. An example of a rich 
medium is one consisting of 1% yeast extract, 2% peptone, and 1% glucose 
supplemented with 80 Ug/ml adenine and 80 Ug/ml uracil. Derepression of the ADH2 
promoter occurs when glucose is exhausted from the medium. 
30 Mammalian or insect host cell culture systems could also be employed to 

express recombinant TRAIL polypeptides. Bacculovirus systems for production of 
heterologous proteins in insect cells are reviewed by Luckow and Summers, 
Bio/Technology 6:47 (1988). Established cell lines of mammalian origin also may be 
employed. Examples of suitable mammalian host cell lines include the COS-7 line of 
35 monkey kidney cells (ATCC CRL 1651) (Gluzman et al.. Cell 2*175, 1981). L cells. 
C127 cells 3T3 cells (ATCC CCL 163). Chinese hamster ovary (CHO) cells. HeLa 
cells, and BHK (ATCC CRL 10) cell lines, and the CWEBNA cell line derived from 
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the African green monkey kidney cell lineCVI (ATCCCCL70) as described by 
McMahanet al. (EMBOJ. 10: 2821, 1991). 

Transcriptional and translational control sequences for mammalian host cell 
expression vectors may be excised from viral genomes. Commonly used promoter 
5 sequences and enhancer sequences are derived from Polyoma virus. Adenovirus 2. 
Simian Virus 40 (SV40), and human cytomegalovirus. DNA sequences derived from 
the SV40 viral genome, for example, SV40 origin, early and late promoter, enhancer, 
splice, and polyadenylation sites may be used to provide other genetic elements for 
expression of a structural gene sequence in a mammalian host cell. Viral early and late 
10 promoters are particularly useful because both are easily obtained from a viral genome 
as a fragment which may also contain a viral origin of replication (Hers et al.. Nature 
273: 1 13. 1978). Smaller or larger SV40 fragments may also be used, provided the 
at^ximately 250 bp sequence extending from the Hind III site toward the Bgl I site 
located in the SV40 viral origin of replication site is included. 
15 Expression vectors for use in mammalian host cells can be constructed as 

disclosed by Okayama and Berg (MoL CelL Biol 5:280, 1983). for example. Auseful 
system for stable high level expression of mammalian cDNAs in C127 murine 
mammary epithelial cells can be constructed substantially as described by Cosman et al. 
{Mol Immunol. 23:935. 1986). A high expression vector. PMLSV N1/N4. described 
20 by Cosman et al.. Nature 3/2:768. 1984 has been deposited as ATCC 39890. 

Additional rnammalian expression vectors are described in EP-A-0367566. and in WO 
91/18982. As one alternative, me vector may be derived from a retrovirus. Additional 
suitable expression systems are described in the examples below. , 

One preferred expression system employs Chinese hamster ovary (CHO) cells 
25 and an expression vector designated PG5.7. This expression vector is described in 
U.S. patent application serial no. 08/586.509. filed January 11. 1996. which is hereby 
incorporated by reference. PG5.7 components include a fragment of CHO cell 
genomic DNA. foUowed by a CMV-derived promoter, which is followed by a 
sequence encoding an adenovirus tripartite leader, which in turn is Mowed by a 
30 sequence encoding dihydrofolate reductase (DHFR). These components were inserted 
into the plasmid vector pGEMl (Promega. Madison, WI). DNA encoding a TRAIL 
polypeptide (or fuion protein containing TRAIL) may be inserted between the 
sequences encoding the tripartite leader and DHFR. Methotrexate may be added to the 
culture medium to increase expression levels, as is recognized in the field. 
35 The fragment of CHO cell genomic DNA in vector PG5.7 enhances expression 

of TRAIL. A phage lysate containing a fragment of genomic DNA isolated from CHO 
cells was deposited with the American Type Culture Collection on January 4. 1996. 
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and assigned accession number ATCC 9741 1 . Vector PG5.7 contains nucleotides 
8671 through 14507 of the CHO genomic DNA insert in strain deposit ATCC 9741 1. 

For expression of TRAIL, a type H protein lacking a native signal sequence, a 
heterologous signal sequence or leader functional in mammalian host cells may be 
5 added. Examples include the signal sequence for mterleukin-7 (IL-7) described in 
United States Patent 4,965,195, the signal sequence for interleukin-2 receptor 
described in Cosman et al„ Nature 312:768 (1984); the interleukin-4 receptor signal 
peptide described in EP 367.566; the type I interleukin-1 receptor signal peptide 
described in U.S. Patent 4,968,607; and the type H tnterieukin-1 receptor signal 
10 peptide described in EP 460,846. 

A preferred expression system employs a leader sequence derived from 
cytomegalovirus (CMV). Example 7 illustrates the use of one such leader. In example 
7 mammalian host cells were transformed with an expression vector encoding the 
peptide Met Ala ArgArgLeuTrp He Leu Ser Leu Leu Ala ValThrLeuThrVal AlaLeu 
15 Ala Ala Pro Ser Gin Lys Ser Lys Arg Arg Thr Ser Ser (SEQ ID NO:9) fused to the N- 
terminus of an octapeptide designated FLAG® (SEQ ID NO:7, described above), 
whichmturn is fused toto^ Residue* I 

through 29 of SEQ ID NO:9 constitute a CMV-derived leader sequence, whereas 
residues 30 through 32 are encoded by oligonucleotides employed in constructing the 
expression vector described in example 7. In one embodiment, DNA encoding a poly- 
His peptide (e.g.. a peptide containing six histidine residues) is positioned between the 
sequences encoding the CMV leader and the FLAG® peptide. 

Expression systems that employ such CMV-derived leader peptides are useful 
for expressing proteins other than TRAIL. Expression vectors comprising a DNA 
25 sequence mat encodes amino acids 1 through 29 of SEQ ID NO:9 are provided herein. 
In another embodiment, the vector comprises a sequence that encodes amino acids 1 
through 28 of SEQ ID NO:9. DNA encoding a desired heterologous protein is 
positioned downstream of. and in the same reading frame as, DNA encoding the leader. 
Additional residues (e.g., those encoded by linkers or primers) may be encoded by 
DNA positioned between the sequences encoding the leader and the desired 
heterologous protein, as illustrated by the vector described in example 7. As is 
understood in the pertinent field, the expression vectors comprise promoters and any 
other desired regulatory sequences, operably linked to the sequences encoding the 
leader and heterologous protein. 
35 The leader peptide presented in SEQ ID NO:9 may be cleaved after the argmine 

residue at position 29 to yield the mature secreted form of a protein fused thereto. 
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Alternatively or additionally, cleavage may occur between amino acids 20 and 21, or 
between amino acids 28 and 29, of SEQ ID NO:9. 

The skilled artisan will recognize that the positions) at which the signal peptide 
is cleaved may vary according to such factors as the type of host cells employed. 

5 whether murine or human TRAIL is expressed by the vector, and the like. Analysis by 
computer program reveals that the primary cleavage site may be between residues 20 
and 2 1 of SEQ ID NO:9. Cleavage between residues 22 and 23 . and between residues 
27 and 28. is predicted to be possible, as well. To illustrate, expression and secretion 
ofasolublemurineTRAILpolypeptideresulttd in cleavage of aCMV-derivedsignal 

10 peptide at multiple posing. Tteu^ ' 
descending order) resulted from cleavage between amino acids 20 and 21 of SEQ ID 
NO* cleavage between amino acids 22 and 23, and cleavage between amino acids 27 

and 28. . , • 

A method for producing a heterologous recombinant protein involves cultunng 

15 mammalian host cells transformed with such an expression vector under conditions that 
promote expression and secretion of the heterologous protein, and recovenng the 
n^otein from the culture medium. Expression systems employing CMV leaders may be 
used to produce any desired protein, examples of which include, but are notbmitedto, 
colony stimulating factors, interferons, interleukins. other cytokines, and cytokine 

20 receptors. 

PnrjfHTR An. Protein 

The present invention provides purified TRAIL proteins, which may be 
produced by recombinant expression systems as described above or purified from 
25 naturallyoccurringcells. The desired degree ofpurity may depend on the intended use 
of the protein. A relatively high degree of purity is desired when the protein is to be 
administered in vivo, for example. Advantageously, TRAIL polypeptides are purified 
such that no protein bands corresponding to other proteins are detectable by SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE). It will be recognized by one skdled 
in the pertinent field that multiple bands corresponding to TRAIL protein may be 
detected by SDS-PAGE, due to differential glycosylation, variations in post- 
translational processing, and the like, as discussed above. A preparation of TRAIL 
protein is considered to be purified as long as no bands corresponding to different 
(non-TRATL) proteins are visualized. TRAIL most preferably is purified to substantial 
35 homogeneity.asindica^byasmgle^ 

protein band may be visualized by silver stiumng. Coomassie blue staming. or (if the 
protein is radiolabeled) by autoradiography. 
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One process for producing the TRAIL protein comprises culturing a host cell 
transformed with an expression vector comprising a DNA sequence that encodes 
TRAIL under conditions such that TRAIL is expressed. The TRAIL protein is then 
recovered torn ttecult^Cfr^ Astheskwed 

5 arUsanwiUrecogmze. procedures for purifying^ 

according to such factors as the type of host cells employed and whether or not the 
TRAIL is secreted into the culture medium. 

For example, when expression systems that secrete the recombinant protein are 
employed, the culture medium first may be concentrated using a cormnercially available 

,0 protemconcentrationfflter.forex^ 

unit. Following the concentration step, the concentrate can be applied to a F*- 
matrix such as a gel filtration medium. Alternatively, an anion exchange resin can be 
employed. forexample.a.natrix or sute^ 

(DEAE) groups. The matrices can be acrylamide. agarose, dextran. cellulose or other 
15 types commonly employed in protein purification. Alternatively, a cation exchange step 
can be employed. Suitable cation exchangers include various insoluble matrices 
comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups arc preferred. 
Finally, one or more reversed-phase high performance liquid chromatography (RP- 
HPLC) steps employing hydrophobic RP-HPLC media. (e.g.. silica gel havmg 
20 pcndantmethyloromer aliphatic groups)can be employed to further 

Some or all of the foregoing purification steps, in various coronations, can be 
employed to provide a j^fied TRAIL protein. , 

Recombinant protein produced in bacterial culture may be isolated by mmal 
disruption of the hostcelis. centrifugation. exaction from cell pellets if an insoluble 
™,lype^<te.orfxomthe supernatant fluidif a soluble polypeptide, followed by one or 
more concentration, salting-out, ion exchange, affinity purification or size exclusion 
chromatography steps. Finally. RP-HPLC can be employed for final purification 
steps Microbial cells can be disrupted by any convenient method, including freeze- 
thaw cycling, sonication. mechanical disruption, or use of cell lysing agents. 

Transformed yeast host cells are preferably employed to express TRAIL as a 
secreted polypeptide. This simplifies purification. Secreted recombinant polypepude 
from a yeast host cell fermentation can be purified by methods analogous to those 
disclosed by Urdal et al. (J. Chromatog. 295:171. 1984). Urdal et al. describe two 
sequential, reversed-phase HPLC steps for purification of recombinant human IL-2 on 
35 a preparative HPLC column. 

Alternatively. TRAIL polypeptides can be purified by unmunoaffinity 
chromatography. An affinity column containing an antibody that binds TRAIL may be 
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prepared by conventional procedures and employed in purifying TRAIL. Example 4 
describes a procedure for generating monoclonal antibodies directed against TRAIL. 

PrnirfflifS f nH IV* of trail 

Programmed cell death (apoptosis) occurs during embryogenesis, 

metarrKKphosis.endccrtoe^^ 

of immune thymocytes. Regulation of programmed cell death is vital for normal 
funcuoning of the immune system. To illustrate. T cells that recognize self-antigens are 
destroyed through the apoptotic process during maturation of T-cdls in the thymus, 
whereas other T cells are positively selected The possibility that some T<ells 
recognizing certain self epitopes (e.g.. inefficiently processed and presented antigenic 
determinants of a given self protein) escape this elirmnation process and subsequently 
play a role in autoimmune diseases has been proposed (Gammon et al.. Immunology 

Today 12:193. 1991). 

Insufficient apoptosis has been implicated in certain conditions, while elevated 
levels of apoptotic cell death have been associated with other diseases. The desirability 
of identifying and using agents that regulate apoptosis in treating such disorders is 
recognized (Kromer. Advances in Immunology, 58:21 1. 1995; Groux et al.. J. Exp. 
Med 175 331. 1992; Sachs and Lotem, Blood 82:15. 1993). 
20 ' Abnormal resistance of T cells toward undergoing apoptosis has been linked to 
lymphocytosis, lymphadenopathy. splenomegaly, accumulation of self-reactrve T cells, 
autoirrununedisease.devdopr^^^^ . 
(Kromer. supra; seeespecially pages 214-215). Conversely. excessive apoptos.s of T 
cells has been suggested to play a role in lymphopenia, systemic irnmunodef.c.ency . 
25 and specific immunodeficiency, with specific examples being virus-induced 

immunodeficient states associated with infectious mononucleosis and cytomegalovirus 
infection, and tumor-mediated immunosuppression (Kromer. supra: see especially page 
214) Depletion of CD4+ T cells in HIV-infected individuals may be attributable to 
impropriate activation-induced cell death (AICD) by apoptosis (Groux et al.. J. Exp. 

30 Med. 175:331. 1992). 

As demonstrated in examples 5 and 8, TRAIL induces apoptos.s of the acute T 

cell leukemia cell line designated Jurkat clone E6-1 . TRAIL thus is a research reagent 

useful in studies of apoptosis. including the regulation of programmed cell death. 

Since Jurkat cells are a leukemia cell line arising from T cells, the TRAIL of the present 
35 invention finds use in studies of the role TRAIL may play in apoptosis of other 

transformed T cells, such as other malignant cell types arising from T cells. 
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TRAIL binds Jurkat cells, as well as inducing apoptosis thereof. TRAIL did 
not cause death of freshly isolated murine thymocytes, or peripheral blood T cells 
(PBTs) freshly extracted from a healthy human donor. Anumberof uses flow from 

these properties of TRAIL. 

TRAIL polypeptides may be used to purify leukemia cells, or any other cell type 

towWchTRAILbta*. Uukenua^^ 

example. In one embodiment, the cells are purified by affinity cartography, using 
a^rr^graphynu^havmgTRAILb^ndtherc^ The TRAIL attached to the 
chromatography matrix may be a full length protein, an TRAIL fragment C0 ^ r J^" 1 ^ , 
the extracellular domain, an TRAII^taining fusion protein, or other suitable TRAIL 
polvpeptide described herein. In one ernbodimenU a soluble TRAIUFc teion protein 
btaZi to aProtein A or Protein G column through interaction of the Fc mo.ety with 
the Protein A or Protein G. Alternatively, TRAIL may be used in isolating leukemia 
cells by flow cytometry- 

The thus-purified leukemia cells are expected to die followutg b.ndmg of 
TRAIL but the dead cells will still bear cell surface antigens, and may be employed as 
immunogens in deriving anti-.eukemia antibodies. ^leukemia cells, or a desired cell 
surface antigen isolated therefrom, find further use in vaccine development. 

Since TRAIL binds and kills leukemia cells (the Jurkat cell line). TRAIL also 
may be useful in treating leukemia. A therapeutic method involves contacting leukemia 
cells with an effective amount of TRAIL. In one embodiment, a leukemia pattern $ 
blood is contacted « vivo with an TRAIL polypeptide. The TRAIL may be 
immobilizedonasuitablematri^ TRAIL binds the leukemia cells, thus removing them 
from the patient's blood before the blood is returned into the patient. 

Alternatively or additionally, bone marrow extracted from a leukemia patient 
may be contacted with an amount of TRAIL effective in inducing death of leukemia 
cells in the bone marrow. Bone marrow may be aspirated from the sternum or ihac 
crests, for example, and contacted with TRAIL to purge leukemia cells. The thus- 
treated marrow is returned to the patient. 

TRAIL also binds to. and induces apoptosis of. lymphoma and melanoma cells 
(see examples 5. 9. and 10). Thus, uses of TRAIL that are analogous to those 
described above for leukemia cells are applicable to lymphoma and melanoma cells. 
TRAIL polypeptides may be employed in treating cancer, including, but no. limited to. 
^kemia.rymphonu, and melanoma. In one embodiment, the lymphoma is Burkitt s 
lymphoma. Table I in example 9 shows that TRAIL had a cytotoxic effect on several 
Burkitfs lymphoma cell lines. Epstein-Barr virus is an etiologic agent of Burtatt s 
lymphoma. 

22 



WO 97/01633 



FCT/US9O10S95 



10 



TRAIL polypeptides also find use in treating viral infections. Contact with 
TRAIL caused death of cells infected with cytomegalovirus, but not of the same ce 
^rulfected.asdescn^ediaexa.plell. The ability of TRAIL to kill cells 

Such viruses include, but are not Mted to. encepndomyoc^trs v^. Newcastte 
d^L, vesicular stomatitis virus, herpes simplex virus, adenovtrus^bovme 
viral diarrhea virus. HTV. and Epstein-Barr virus. 

An effective amount of TRAIL is adrninistered to a mammal including a 
hunoan.aifhctedwithaviral infection. In one embodiment. TRAIL is employed m 

conjunction 

example 1 1 . pretreatment of CMV-infected cells with rmterferon enhanced we leyelof 
^J*U*****~-<»**™*- TRAIL may be administered 

preparations, tissues, or organs that are to be transplanted. To illustrate, bone marrow 

before the bone marrow is transplanted into the recipient. 
The TRAIL of the presentation may be 

anydisordermediated(oirecuyor^ 

TRAIL. A therapeutically effective amount of purified TRAIL protein is administered 
Xi-affliciwithsuchadisorde, Alternatively. TRAIL DNAs^s may 

Disclos^rebereinofnativeTRAILnucleotide 
t defectiveTRAILgenes.andthereplac^ 

e enes Defective genes may be detected in in vitro diagnostic assays, and by 

TRAIL gene derived fromaperson suspected of harboring a defect m ttus gene. 
Thepresentinventionprovidespharroa^^ 
0 punfiedTRAILandaphysiologic^^ *-* 
carriers diluents, and excipients are nontoxic to recipients at the dosages and 
rations employed. Such compositions may comprise buffers, antioxt^s such 
Z ascorbic acid, low molecu.ar weight (.ess than about 1 0 residues) po.ypepude 

15 alusuxhasEDTA.glutatmonea.do^ stabilizers^ 

Sy^n pharmaceutical cushions. Neu^ buffered salmec^sahne mixed wnh 
^ Imalbummareamongtheapp^diluents. m composition may 
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be formulated as a lyophilizate using appropriate excipient solutions (e.g. sucrose) as 

diluents. . . . 

For therapeutic use. purified proteins of the present invenuon are administered 

toapauent.pRfercblyah.mian.fo^ 
5 Thus for example, the pharmaceutical compositions can be administered locally, by 
intravenous injection, continuous infusion, sustained release from implants, or other 
suitable technique. Appropriate dosages and the frequency of administration wUl 
depend, of course, on such factors as the nature and severity of the indication being 
treated, the desired response, the condition of the patient and so forth. 
10 The TRAIL protein employed in the pharmaceutical compositions preferably is 

purified such that the TRAIL protein is substantially free of other proteins of natural or 
endogenous origin, desirably containing less than about 1% by mass of protein 
contaminants residual of production processes. Such compositions, however, can 
contain other proteins added as stabilizers, carriers, cxcipients or co-therapeut.cs. 
15 The TRAIL-encoding DNAs disclosed herein find use in the production of 

TRAIL polypeptides, as discussed above. Fragments of the TRAIL nucleotide 
sequences are also useful. In one embodiment, such fragments comprise at least about 
17 consecutive nucleotides, more preferably at least 30 consecutive nucleotides, of the 
human or murine TRAIL DNA disclosed herein. DN A and RN A complements of said 
20 fragments are provided herein, along with both single-stranded and double-stranded 
forms of the TRAIL DNA of SEQ ID NOS: 1 , 3 and 5. 

Among the uses of such TRAIL nucleic acid fragments are use as a probe or as 
primers in a polymerase chain reaction (PCR). As one example, a probe corresponding 
to the extracellular domain of TRAIL may be employed. The probes find use in 
25 detecting the presence of TRAIL nucleic acids in in vitro assays and in such procedures 
as Northern and Southern blots. Cell types expressing TRAIL can be identified as 
well. Such procedures are well known, and the skilled artisan can choose a probe of 
suitable length, depending on the particular intended application. For PCR, 5' and 3' 
primers corresponding to the termini of a desired TRAIL DNA sequence are employed 
30 to isolate and amplify mat sequence, using conventional techniques. 

Other useful fragments of the TRAIL nucleic acids are antisense or sense 
oligonucleotides comprising a single^tranded nucleic acid sequence (either RNA or 
DNA) capable of binding to target TRAIL mRNA (sense) or TRAIL DNA (antisense) 
sequences. Such a fragment generally comprises at least about 14 nucleofdes. 
35 preferably from about 14 to about 30 nucleotides. The ability to create an antisense or a 
sense oligonucleotide, based upon a eDNA sequence for a given protein is described in. 
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for example. Stein and Cohen, CancerRes. 48:2659. 1988 and van der Krol et al.. 

BioTechmques 6:958. 1988. 

Binding of antisense or sense oligonucleotides to target nucleic acid sequences 
results in the formation of duplexes that block w,ndation(RNA) or transcription 
5 (DNA) by one of several means, including enhanced degradation of the duplexes 

oligonucleotides thus may be used to block expression of TRAIL proteins. 

Antisense or sense oligonucleotides further comprise oligonucleotides having 
modified sugar-phosphodiester backbones (or other sugar linkages, such as those 

10 described in WO91/06629) and wherein such sugar linkages are resistant to 

endogenous nucleases. Such oligonucleotides with resistant sugar linkages are stable 
fcvivo(i.e.. capable of resistiiig enzymadc degradadon) but retain sequence spec^^^^ 
tob e able tobind to target nucleotide sequences. Oher examples of sense or anUsense 
oug onudeoudesindude*oseougonu^^ 

15 moieues. such as those described^ 

affinity of the oligonucleotide for a target nucleic acid sequence, such as poly-(L- 
Wsine) Further still, intercalating agents, such as emptied and alkylatmg agents or 
meal complexes may be attached to sense or antisense oligonucleotides to mochfy 
bindtagspLificiuesofme^^ 

20 ^Antisense or sense oligonucleotides may be induced into a cell containing the 
target nucleic acid sequence by any gene u^f« method, mcludmg. for example^ 
cSo 4 -media<edDNA,ranto 

asEpstein-Barrvirus. Antisense or sense oligonucleotides are preferably introduced 
25 intoaceucontainingtheuirgetnudeicacidsequ^byin^ 
ser^ongonucleoudeintoasu^ 

retrovirus vector containing the inserted sequence, either in vivo or exvA*. SuitaWe 
retroviral vecwismclude. but are not linutedto.^ 

retrovirus derived from M-MuLV). or or the double copy vectors designated DCT5A. 
30 DCT5B and DCT5C (see PCT Application WO 90/13641). Alternatively, other 
promotor sequences may be used to express the oligonucleoude. 

Sense or antisense oUgonucleotides may also be introduced into a cell 
containing the target nucleotide sequence by fbnnation of a conjugal with a Ugand 
binding molecule, as described in WO91/04753. Suitable ligandbinding molecules 
35 include, but are not limited to. cell surface receptors, growth factors, other cytokines, 
or other ligands that bind to cell surface receptors. Preferably, conjugation of the 
Ugardbtadwgniolecutedoe^^^ 
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binding molecule to bind to its corroding molecule or receptor, or block entry of 
thesenseoranusensedigonudeotifcorta^^^ 

Alternatively, a sense or an antisease oligonucleotide may be introduced mto a 
ed lco«>tai«ungtr* target nu^^ 
5 complex as described in WO 90/10448. The sense or antisense oligonucleotide-lip.d 
complex is preferably dissociated within the cell by an endogenous lipase. 

A ntiftffllif Tmrniinff^^ve TRAIL 

The TRAIL proteins of the present invention, or immunogenic fragments 
10 thereof, may be employed in generating antibodies. The present invention thus 

Prides antibodies that specifically bind TRAIL, U., the antibodies bind to TRAIL via 
the antigen-binding sites of the antibody (as opposed to non-specific binduig). 

Polyclonal and monoclonal antibodies may be prepared by conventional 
techniques. See. for example. Monoclonal Antibodies. Hybridomas: A New 

(1980); and A^^to: A I^r^o- . Harlow and Und (eds.). Cold Spnng 
HartarUboratoryPress.ColdSpringHarbor.NY.(1988). Production of 
monoclonal antibodies that are imniuno^ctivewimTl^ is further iUustratedm 

example 4 below. , 

Antigen-binding fragments of such antibodies, which may be produced by 
conventional techniques, are also encompassed by the present invention. Examples of 
luTfogments include, but are not limited to. Fab. F(ab% and F(ab-) 2 fragments. 
Antibody fragments and derivatives produced by genetic engineering techniques are 

also provided* .... 

The monoclonal antibodies of the present invention include chimeric antibodies, 
eg humanized versions of murine monoclonal antibodies. Such humanized 
antibodies may be prepared by known techniques, and offer the advantage of reduced 
immunogenicity when the antibodies are administered to humans. In one embodiment, 
a humanized monoclonal antibody comprises the variable region of a murine antibody 
30 (or just the antigen binding site thereof) and a constant region derived from a human 
antibody Alternatively, a humanized antibody fragment niay cornprise the antigen 
binding site of a murine monoclonal antibody and a variable region fragment (laclong 
the antigen-binding site) derived from a human antibody. Procedures for the 
production of chimeric and firrther engineered monoclonal antibodies include those 

1 987). Lanick et al. (Biotechnology 7:934. 1989). and Wmter and Hams OTPS 
74:139. May, 1993). 
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Among the uses of the antibodies is use in assays to detect the presence of 
TRAIL polypeptides, either in vitro or in vivo. The antibodies find further use » 
nurifvine TRAIL by affinity chromatography. 

^bc^.oinhibi.abiologicalacUvityofTOAIL. ^^^^ 
Jo administer, of such an antibody in an amount effects » « .WAD, 
mltedbiological activity. Disotdersn^cre^^by^.d^yor 
^cUy.arcLtreated. Monoclonal antibodies arc generally preferred for use m 

Oncsuchdis^is^ctnron.boc^^ 
(Kwaan. B.C.. M. HenuUol, 24:71. 1987; Thompson et al., Blood. 80.1890. 

Cei,ter S forDisea Se ControlCroroketal../lm.J.H e m^t50.84.1995). 

P L«frompa«ents«^ 
induces apoptosis of human endothelial cells of dermal microva^lar ongm. but not 
large ves^origin (Laurence et al.. Stood. 87:3245. April 15. 1996). Plasma of TTP 

^ptosis, h^a^h^^-P^r^;" - 

against TRAIL inhibited TTP plasma-induced apoptosis of dermal irucroyascular 
SS* TnedatapresentedmcxamplelSsuggestmatTRAlL^P^tm 
r^mofTTPpatients, and may playarole in inducing apoptosis of rtucrovascular 

'"^Mo^mc^^^ 

(Moake J.L.. Lancet. 343:393. 1994; Melnyket al., (Arch. Intern. Med.. 155.2077 

^venmoughitcansuftechadrenaswdl). A disorder known as childhood/diarrhea- 

associatedHUS differs in etiology from adult HUS. . ^ . 

, c^er conditions characte^zed by clotting of smaUbloc^ 

using anti-TRAIL antibodies. Su^coaoitions include bm are not limited to the 

SZl^cCingofsmallblood vessel Breakdown of the n.crovasculature 
r^hasbeenreportedmmultiplesclero.is patients. As a further example, 
5 tna^tofsystemiclupuseryuiema^^ 

TRAIL antibody ex vivo. Tne antibody (preferably a monoclonal antibody) may be 
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bound «o a suitable chromatography matrix by convention procedures. The paUent s 
blood or plasma flows through a chromatography column containing the anttbody 
bound to the matrix, before being returned to the patient IT* immobilized antibody 
binds TRAIL, thus removing TRAIL protein from the patient's blood. 
5 In an alternative embodiment, the antibodies are administered in vivo, m wh.cn 

case blocking antibodies are desirably employed. Such antibodies may be identtfed 
using any suitable assay procedure, such as by testing antibodies for the abwty to 
inhibit binding of TRAIL to target cells. Alternatively, blocking antibodtes may be 

10 to target cells. Example l2 mu*~o*m^«^«U«^?^ 
anZues.wr^anU^esa*^ 

lysis of Juricat cells. . 

The present invention thus provides a method for treating a thrombotic 
microangiopathy.involving use of an effective amount of an antibrfy directed against 
15 TRAIL. Antibodies of the present invention may be employed in in vivo or « vr*> 
procedures, to inhibit TRAIL-mediated damage to (e.g.. apoptosis of) microvascular 

endothelial cells. . , . „ 

Anti-TRAIL antibodies may be employed in conjunction with other agents 
usefultatreatingaparticulardisorder. In an ft. vitro study reported by Laurence et al. 
20 (5/^87:3245. 1996). some reduction of TIP plasma-mediated apoptosts of 

microvascular endothelial cells was achieved by using an anti-Fas blocking ant.body. 
aurintricarboxylic acid, or normal plasma depleted of cryopreemttate. 

Thus a patient may be treated with an agent that inhibits Fas-Ugand-medtated 
apoptosis of endothelial cells, in combination with an agent that inhibits TRAIL- 
25 meLed apoptosis of endothelial cells. In one embodiment, an anti-TRATL blocking 
antibody and an anti-FAS blocking antibody are both administered to a paUen, affheted 
with a disorder characterized by thrombotic microangiopathy, such as TIPorHUS. 
Examples of blocking monoclonal antibodies directed against Fas antigen (CD95) are 
oescribedtaPCTappncationpub^ 

30 by reference. . . . 

Pharmaceutical compositions comprising an antibody that is unmunoreacttve 

wimTRAIl,andasmtable.<U^ Smttble 
components of such compositions are as described above for the composite 

containing TRAIL proteins. , .. ... 

35 The Mowing examples are provided to illustrate particular embodiments of the 

present invention, and are not to beconstnied as tanting the scope of the invention. 
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DN A encoding a human TRAIL protein of the present invention was isolated by 
tnefouowingprocedure. A TBLASTN search of the dbEST data base at the National 
5 Center for Biological Information (NCBI) was performed, using the query sequent 
LW»CXGLYVWXQVXF(SEQIDNO:8). This sequence is based upon ttemost 
conserved region of AeT^Ugandf^y (Srni & etal..C e H.73:im 1993) M 

« P T^seqLce« lg <E^fiJe.G^^ 

Xmese^Lrchpararneters. The GenBank file indicated that this EST was obtained 

10 from a human heart atrium cDN A library. 

T^O-bp oligonucleotides based upon sequences from the 3' and 5' ends of 
.MsECTfUeweresynthesized. The oligonucleotide from the 3' end had ^ f e< ^'" t * 
TGAAATCGAAAGTATGTTTGGGAATAGATG (complement of nucleotides 636 to 
665 of SEQ ID NO:l) and the 5' oligonucleotide was TGACGAAGAGAGTATGAA 

15 CAGCCCC rc CTG(nuc.eotides291to320ofSEQIDNO:l). ^°^eot ides 
were 5' end labeled with^PrATP and polynucleotide lonase Two XgtlO cDNA 
libraries were screened by convenuon^ 

labeled oligonucleotides as probe. One library was a human heart 5 ^ tthcD " A 
Ubrary(S M tageneaonin g Systems.LaJo U a,CA). Tbeother wasapenpheralblood 
00 lymphocyte (PBL) library prepared as follows: PBLs were obtained from normal 

ng/ml of human IL-2 for six days. The PBL cells were washed and stimulated with 
SMng/mlofionomyctaCC^^ 

RNA was isolated from the stimulated PBL cells. cDNA synthesized m ^ mRNA 
25 w^^p-k^teoVlO^^tQi^.S"^^ 

Systems, La JoUa, CA). 

Recombinant phages were plated onto E. coU strain C600-HFL and screened 
using standard plaque hybridization techniques. Nitrocellulose filters were ^lifted from 
these plates in duplicate, and hybridized wi m«J 1 e32p-,abeledoUgonucleoUdes 

SL.6XSSC 1 mg/mln-lauroy.sarcosine.0.5* NP40. and 4 «/ml SS salmon 
sperm DNA. The filters were then washed in 3x SSC at 67 C for thirty rrunutes. 

From the heart 5" stretch cDNA library, one positive plaque was obtained out of 
approximattlyonemillionplaques. Tnis clone did not include the 3' end of me gene. 

35 yy^^m.w.'m^^^v^^^^'^^ 

500 000 plaques, fifteen of these first round positive plaques were picked, and the 
i^iteermchedpoolsw^ampUfied using oUgonucleotide primers designed 
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to amplify phage inserts. The resulting products were resolved by 1 .5% agarose gel 
electrophoresis, blotted onto nitrocellulose, and analyzed by standard Southern blot 
technique using the 32p-labeled 30-mer oligonucleotides as probes. The two plaque 
picks that produced the largest bands by Southern analysis were purified by secondary 
5 screening, and isolated phage plaques were obtained using the same procedures 
described above. 

DNA from the isolated phages was prepared by the plate lysis method, and the 
cDNA inserts were excised with BcoRL purified by electrophoresis using 1.5% 
agarose in Tris-Borate-EDTA buffer, and ligated into the pBluescript® SK( + ) plasrrud. 

10 These inserts were then sequenced by conventional methods, and the resulting 
sequences were aligned. 

The nucleotide sequence of a human TRAIL DNA is presented in SEQ ED NO.l 
and the amino acid sequence encoded thereby is presented in SEQ ID NO:2. This 
human TRAIL protein comprises an N-terrninal cytoplasmic domain (ammo ac.ds 1- 

15 18) a transmembrane region (amino acids 19-38). and an extracellular domain (arruno 
acids 39-281). The calculated molecular weight of this protein is 32408 daltons. 

£ coli strain DH10B cells transformed with a recombinant vector containing 
this TRAIL DNA were deposited with the American Type Culture Collection on June 
14, 1995. and assigned accession no. 69849. The deposit was made under the terms 

20 of "the Budapest Treaty. The recombinant vector in the deposited strain is the 

expression vector P DC409 (described to example 5). The vector was digested with 
Sail and Notl, and human TRAIL DNA that includes the entire coding region shown in 
SEQ ID NO: 1 was ligaied into the digested vector. 

25 m M w.F t-. fr ittof"" " f nNA KncorHnr a Tmumted TRAIL 

DNA encoding a second human TRAIL protein was isolated as follows. This 
truncated TRAIL does not exhibit the ability to induce apoptosis of Jurkat cells. 

PGR analysis, using the 30-mers described in example 1 as the 5' and 3' 
primers, indicated that 3 out of 14 of the first round plaque picks in example 1 
30 contained shorter forms of the TRAIL DNA. One of the shortened forms of the gene 
was isolated, ligated into the pBluescript® SK( + ) cloning vector (Stratagene Cloning 
Systems. La Jolla, CA) and sequenced. 

The nucleotide sequence of this DNA is presented in SEQ ID NO:3. The amino 
acid sequence encoded thereby is presented in SEQ ID NO:4. The encoded protein 
35 comprises an N-terminal cytoplasmic domain (amino acids 1-18). a trarjsrwmbrane 
region (amino acids 19-38). and an extracellular domain (amino acids 39-101). 
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TheDNAofSEQn 3 NO:3.ac l3 n U deoddcs359«hrough506of*e^ 
S m ID NO:l.and is fcus designated 

aminoacidsl^ugh^ofSEQIDNOA However, due to the *^*™^^5jp 
NO^diffexsfrom^residuesintoecorrespondmgposmoasmSEQIDNO^ 

10 theC-tenninu.ofmcmbersoftheTNFfanulyofproteins. 

huTRAIUv^tem to cause a^^^ 

importance of these conserved regions for biological activity. 

flyA MW F- 3? PHft ""™»"" « murine TBAfc 
« DNA enc«UngamurineTIwn.wasisc4^ 

20 onthefilters. Two separate probes were used, in two rounds of screening. PCR 

25 hlnTRAlLDNAofSEQIDNO:!. A random primed DNA labeling kit 

f stratnEene La Jolla, CA) was used to radiolabel the probes. 
(Stratagene, ujoi* forroamide. followed by washing 

Hybridization was conducted at 37 C in Duwionnami , 

with 1 x SSC, 0. 1% SDS at 50°C. A mouse cDNA that was positive in both rounds of 

protein comprises an N-terminal cytoplasmic domain (ammo ac.ds 

31 ~nm (amino acids 18-38). and an extracellular domain (ammo acids 

TSfcidenticaltothecodmgrcgionof^ 
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Tins example ilhistratcs Ac preparation of monoclonal antibodies that 

5 specifically bind TRAIL. Suitable immunogens that may be employed in generating 
such antibodies include, but are not limited to. purified TRAIL protein or an 
immunogenic fragment thereof (eg., the extracellular domain), fusion proteins 
containing TRAIL polypeptides (eg., soluble TRAIL/Fc fusion proteins), and cells 
expressing recombinant TRAIL on the cell surface. 

10 Known techniques for r^roducing monoclonal antibodies include those described' 

in US. Patent 4,411,993. Briefly, mice arc inmiunized with TRAIL as an immunogen 
emulsified in complete Freund's adjuvant, and injected in amounts ranging from 10-100 
jig subcutaneously or intraperitoneaUy. Ten to twelve days later, the immunized 
animals are boosted with additional TRAIL emulsified in incomplete Freund's adjuvant 

15 Mice are periodically boosted thereafter on a weekly to bi-weekly immunization 
schedule. Scrum samples are periodically taken by retro-orbital bleeding or tail-tip 
excision for testing by dot blot assay or ELISA (Enzyme-Unkcd Immunosorbent 
Assay) for TRAIL antibodies. 

Following detection of an appropriate antibody titer, positive animals are 

20 provided one last intravenous injection of TRAIL in saline. Three to four days later, the 
animals are sacrificed, spleen cells harvested, and spleen cells are fused to a murine 
myeloma cell line such as NS1 or. preferably, P3x63Ag 8.653 (ATCC CRL 1580). 
Fusions generate hybridoma cells, which are plated in multiple microliter plates in a 
HAT (hypoxanthine, amwopterin and thymidine) selective medium to inhibit 

25 proliferation of non-fused cells, myeloma hybrids, and spleen cell hybrids. 

The hybridoma cells are screened by ELISA for reactivity against purified 
TRAIL by adaptations of the techniques disclosed in Engvall et al. (Immunocherru 
8:871, 1971) and in U.S. Patent 4,703,004. Positive hybridoma cells can be injected 
intraperitoneaUy into syngeneic B ALB/c nrice to produce ascites containing high 

30 concentrations of anti-TRAIL monoclonal antibodies. Alternatively, hybridoma cells 
can be grown in vitro in flasks or roller bottles by various techniques. Monoclonal 
antibodies produced in mouse ascites can be purified by ainmonium sulfate 
precipitation, followed by gel exclusion cbrwnatography. Alternatively, affinity 
chromatography based upon binding of antibody to protein A or protein G can be used, 

35 as can affinity chromatography based upon binding to TRAIL. 
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fl yAMPf.E 5: ""A Tartderinr ftHPP tn<is As!iav 
Human TRAIL was expressed and tested for the ability to induce apoptosis. 
Oligonucleotides were synthesized that corresponded to the 3' and 5' ends of the codmg 
region of the human TRAIL gene, with Sail and NotI restriction sites incorporated at 
the ends of the oligonucleotides. The coding region of the human TRAIL gene was 
amplified by standard PCR techniques, using these oligonucleotides as primers. The 
PGR reaction products were digested with the restriction endonucleases Sail and NotI, 
then insened into SalWofl-digestedvectorpDC^. pDC409 is an expression vector 
foruse in mammalian cells, but is also leplicaWe in £.t»H cells. 

pDC409 is derived from an expression vector designated pDC406 (described in 
McMahan et al., EMBO J. 10:2821. 1991, and in PCT application WO 91/18982. 
hereby incorporated by reference). pDC406 contains origins of replication derived 
from SV40. Epstein-Barr virus and pBR322 and is a derivative of HAV-EO described 
15 by Dower et al.. /. Immunol. 142:4314 (1989). P DC406 differs from HAV-EO by the 
deletionof an intron present in the adenovirus 2 tripartite leader sequence in HAV-EO. 
DNA inserted into a multiple cloning site (containing a number of restriction 
endonuclease cleavage sites) is transcribed and translated using regulatory elements 
derived from HTV and adenovirus. The vector also contains a gene that confers 

20 ampicillin resistance. 

pDC409 differs from pDC406 in that a Bgl II site outside the rocs has been 
deleted so that the mcsBginsite is unique. TwoPme 1 sites and one Srfl site have 
been added to themes, and three stop codons (TAG) have been positioned downstream 
of the mcs to function in all three reading frames. A T7 primer/promoter has been 
25 added to aid in the DNA sequencing process. 

The monkey kidney cell line CV-l/EBNA-1 (ATCC CRL 10478) was derived 
by transfection of the CV-1 cell line (ATCC CCL 70) with a gene encoding Epstein- 
Barr virus nuclear andgen-1 (EBNA-1) that consdtudvely expresses EBNA-1 driven 
from the human CMV intermediate-early enhar>cer/promoter. as described by McMahan 
et al., sipra. The EBNA-1 gene allows for episomal replication of expression vectors, 
such as pDC409, that contain the EBV origin of replication. 

CV1/EBNA cells grown in Falcon T175 flasks were transfected with 15 MS of 
either "empty" pDC409 orpDC409 containing the human TRAIL coding region. The 
mmsformed cells were cultured for three days at 37°C and 10% CO2. TheceUsthen 
were washed with PBS. incubated for 20 minutes at 37°C in 50 mM EDTA, scraped off 
of the flask with a cells scraper, and washed once in PBS. Next, the cells were fixed in 
1% paraformaldehyde PBS for 10 minutes at 4»C and washed 3x in PBS. 
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Jurkat cells were used as the target cells in this assay, to determine whether the 
TOAILrCxpressing cells could induce apoptosis thereof. The Jurkat cell line, clone E6- 
1, is a human acute Tcell leukemia cell line available firom the American Ty^ Culture 
Collection under accession no. ATCC HB 152, and described in Weiss et aL (J. 
5 Immunol 133:123-128, 1984). The Jurkat cells were cultured in RPMI media 

supplemented with 10% fetal bovine serum and 10 u#ml streptomycin and penicillin to 
a density of 200,000 to 500,000 cells per mL Four million of these cells per well were 
co-cultured in a 6 well plate with Z5 mis of media with variou s combinations of fixed 
cells, supernatants from cells transf ected with Fas ligand, and various antibodies, as 

10 indicated below. 

After four hours the cells were washed once in PBS and pelleted at 1200 RPM 
for 5 minutes in a desktop centrifuge. The pellets were resuspended and incubated for 
ten minutes at4°C in 500 Hi of buffer consisting of 10 mMTris-HO, 10 mM EDTA, 
pH 7 .5. and 0.2% Triton X-100, which lyses the cells but leaves the nuclei intact The 
15 lysate was then spun at 4 C C for ten minutes in a niicro-centrifiige ax 14,000 RPM. The 
supernatants were removed and extracted three times with 1 ml of 25:24:1 phenol- 
chloroform-isoamyl alcohol, followed by precipitation with NaOAC and ethanol in the 
presence of 1 ug of glycogen carrier (Sigma). 

The resulting pellets were resuspended in 10 mM Tris-Hd, 10 mM EDTA. pH 
20 7.5* and incubated with 10 U-g/ml RNasc A at 37°C for 20 minutes. Hie DNA solutions 
were then resolved by 1-5% agarose gel electrophoresis in Tris-Borate EDTA buffer, 
stained with ethidium bromide and photographed while traK-ffluramated with UV light 

The results were as follows. Fixed CV1/EBNA ceUs transfected with either 
pDC409 or P DC409-TRAIL produced no detectable DNA laddering. pDC409-TRAIL 
25 fixed cells co-cultured with Jurkat cells produced DNA laddering, but pDC409 fixed 
cells co-cultured with Jurkat cells did not 

DNA laddering was also seen when Jurkat cells were co-cultured with 
concentrated supernatants from COS cells transfected with DNA encoding human Fas 
ligand in pDC409. The supernatants are believed to contain soluble Fas ligand mat is 
30 proteolytic^ released from the cell surface. Hie Fas hgand-induced DNA laddering 
could be blocked by adding 10 ugAnl of a soluble blocking monoclonal antibody 
directed against Fas. This same antibody could not inhibit laddering of Jurkat DNA by 
the PDC409-TRAIL cells, which indicates that TRAIL does not induce apoptosis 
through Fas. 

35 In the same assay procedure, fixed CV1/EBNA cells transfected with pDC409- 

TRAIL induced DNA laddering in U937 cells. U937 (ATCC CRL 1593) is a human 
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histiocytic lymphoma cell line, Theranoof effector to target cells was 1:4 (the same as 

in the assay on Jurkat target cells). 

•Die fragmentation of cellular DNA into a pattern known as DNA laddering is a 
hallmark of apoptosis. In the foregoing assay, TRAIL induced apoptosis of a leukemia 
5 cell line and a lymphoma cell line. 

rv AMPLE 6: NltrthflU Wlnf A " alvsls 
Expression of TRAIL in a number of different tissue types was analysed in a 
conventional northern blot procedure. Northern blots containing poly A+ RNA from a 
10 variety of adult human tissues (mnlriple tissue northern blots I and II) were obtained 
from Clonetech (Palo Alto. CA). Other blots were prepared by resolving RNA samples 
on a 1.1% agarose-formaldehyde gel, blotting onto Hybond-N as recommended by the 
manufacturer (Amersham Corporation), and staining with methylene blue to monitor 
RNA concentrations. The blots were probed with an andsense RNA riboprobe 
15 corresponding to the entire coding region of human TRAIL. 

Human TRAIL mRNA was detected in peripheral blood lymphocytes, colon, 
small intestine, ovary, prostate, thymus, spleen, placenta, lung, kidney, heart, 
pancreas, and skeletal muscle. TRAIL transcripts were found to be abundant in the 
large cell anaplastic lymphoma cell fine Karpas 299 (Fischer et d.. Blood. 72:234, 
20 1988) aiid in tonsilarT cells. TRAIL message was present to a lesser degree in the 
BurWtt lymphoma cell line designated Raji. 

TRAIL mRNA was not detected in testis, brain, or liver, or in several T cell 
lines. Little or no TRAIL transcripts were detected in freshly isolated peripheral blood 
T cells (PBT). either unstimulated or stimulated with PMA and calcium ionophore for 
25 20 hours. 

n r ft M "- ir - v nf" rttnn nt ■ frfl" w * TRATT ' Pnlvneptide 

A soluble human TRAIL polypeptide comprising amino acids 95 to 281 ofSEQ 
ID NO:2 was prepared as follows. This polypeptide is a fragment of the extracellular 
30 domain, lacking the spacer region discussed above. 

An expression vector encoding soluble human TRAIL was constructed by 
fusing in-frame DNA encoding the following amino acid sequences (listed from N- to 
C-terminus): a leader sequence derived from human cytomegalovirus (CMV). a 
synthetic epitope designated Flag®, ami amino acids 95-281 of human TRAIL. The 
35 Flag® octapeptide (SEQ ID NO:7) facilitates purification of proteins fused thereto, as 
described above and in Hopp et al. (fiiotechiology 6:1204-1210. 1988). 
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The TRAIL-encoding DNA fragment was isolated and amplified by polymerase 
chain reaction (PCR), using oligonucleotide primers that defined the termini of a DNA 
& ag mentcnc«ltagaminoacids95-281ofSEQIDN02. The3"i»rimerwasa31-mer 
that additionally added a NotI site dowi>stream rftlK TOAE^coding sequence. The 

5 5" primer added an Spel site and a Flag® epitope encoding sequence upstream of the 
TRAIL^ncoding sequence PCR was conducted by conventional procedures, using 
the above-described human TRAIL cDNA as the template. 

The reaction products were digested with Spel and NotI, and inserted into the 
cxpression vector P DC409 (described in example 5), which had been cleaved with Sail 

10 and NotL Annealed oligonucleotides that form a Sall-Spel fragment encoding a CMV * 
open reading frame leader were also Ugated into the vector. The amino acid sequence of 
the CMV-derived leader is presented as SEQ ID NO*. Amino adds 1 to 29 of SEQ ID 
N09 are encoded by CMV DNA. whereas amino acids 30 to 32 are encoded by 
oligonucleotides employed in constructing the vector. E. coli cells were transfected 

15 with the ligation mixture, and the desired recombinant expression vector was isolated 

therefrom. , 
CV1-EBNA cells (ATCC CRL 10478; described in example 5) were transfectefl 
with the recombinant vector, which is designated pDC409-Flag-shTRAIL. and cultured 
to allow expression and secretion of the soluble Flag®-TRAIL polypeptide. Culture 

20 supematants were harvested 3 days after transfection and applied to a column 

containing an anti-Flag® antibody designated M2 immobilized on a solid support. The 
column then was washed with PBS. The monoclonal antibody M2 is described in 
Hopp et al.. supra, and available from Kodak Scientific Imaging. Systems. New Haven. 
Connecticut. 800ul tractions were eluted from the wlurim 50 mM citrate, and 

25 irr^atdyneur«Kzedm0.45rnl lMTris(pH8). Fractions were adjusted to 10% 

glycerol and stored at -20°C until needed. 

This soluble recombinant Flag®/human TRAIL expressed in CV1/EBNA cells 
has an apparent molecular weight of 28 kD when analyzed by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE). The Flag® moiety contributes an estimated 880 daltons 

30 to the total molecular weight. Gel filtration analysis of purified soluble Flag®/TRAIL 
suggests that the molecule is rrmltimeric in solution with a size of -80 kD. While not 
wishing to be bound by theory, the gel filtration analysis suggests that the soluble 
recombinant Hag®/human TRAIL naturally formed a combination of dimers and 
trimers, with trimers predominating. 

35 An expression vector designated P DC409-Flag-smTRAII, which encodes a 

CMV leader-Flag®-so luble murine TRAIL protein, was constructed by analogous 
procedures. A DNA fragment encoding a soluble murine TRAIL polypeptide was 

36 



PCT/US96/10895 

WO 97/01633 



isolated and amplified by PCR. Oligonucleotides that defined the termini of DNA 

erKX)dingan3inoadds99to291ofthernuriM 

employed as the 5' and 3* primers in the PCR. 

5 ^ yw.B K; I,rii c ftf T *'lKf mlfl rp1k hv TRAIL 

In example 5. cells expressing human TRAIL induced apoptosis of Jurkat cells 
(a leukemia cell line). In the following study, a soluble human TRAIL polypeptide 
Hllcd Jurkat cells. 

JurkatceUswereculturedtoadeiisityrf , 
1 0 RPMI medium supplemented with 1 0% fetal bovine serum, 1 00 ug/ml streptomycin, 
and 100 ug/ml penicimn. The cells fin 96-well plates at 50,000 cells per well in a 
volume of 100 ul) were incubated for twenty hours with the reagents indicated in Figure 
1. "TRAIL supe. M refers to conditioned supernatant (10 ul per well) from CV1/EBNA 
cells transfected with P DC409-Flag-shTRAIL (see example 7). "Control supe/' refers 
15 to supernatant from CVUEBNA cells transfected with empty vector. Where indicated, 
imrnobilized anti-Flag® antibody M2 Hnrn M2") was added at a concentration of 10 
ug/ml in a volume of 1 00 uJ per well and allowed to adhere either overnight at 4°C or 
for 2 hours at 37°C after which wells were aspirated and washed twice with PBS to 
remove unbound antibody. Jurkat cells treated with Fas ligand or M3, a blocking 
20 monoclonal antibody directed against Fas, (Alderson etaL,/. Exp. Med. 181:71, 1995; 
and PCT application WO 95/10540) were included in the assay as indicated. 

Metabo Uc activity of the thus-treated cells was assayed by metabolic conversion 
of alamar Blue dye, in the following procedure. Alamar Blue conversion was measured 
by adding 10 ul of alamar Blue dye (Biosource International, Camarillo, CA) per well, 
25 and subtractmg the optica 

from the OD 550-600 nm after four hours. No conversion of dye is plotted as 0 percent 
viability, and the level of dye conversion in the absence of TRAIL is plotted as 100 
percent viabUity. Percent viability was calculated by multiplying the ratio of staining of 
experimental versus control cultures by 100. 
30 The results arc presented in Figure 1. Error bars represent the standard 

deviation of measurements from four independent wells, and the values are the average 

of these measurements. 

The TRAILrContaining supernatant caused a significant reduction in viability of 
Jurkat cells. A greater reduction of cell viability resulted from contact with a 
35 combination of TRAE^ntaining supernatant and mtmobiliTed anti-Flag® antibody 
M2. One possible explanation is that M2 facilitates cross-Unking of the Flag®/mAIL. 
icceptor complexes, thereby iwatasing the strength of signaling. 
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Fas ligand demonstrated the abUity to kill Jurkat cells. The anti-Fas antibody 
M3 inhibited the activity of Fas ligand, but not the activity of TRAIL. 

In order to confinn that the changes in dye conversion in the alamar Blue assay 
were due to cdl death, the decrease in ce^^ 
5 by staining the cells with trypan blue. 

P. V AMPLE 9 ? I.vds of LniKf™ 1 * 1 Cells 
In examples 5 and 8, TRAIL induced apoptosis of a leukemia cell line (Jurkat) 
and a lymphoma cell line (U937). The foUowing study further demonstrates the ability . 
10 of TRAIL to kill leukemia and lymphoma cells. 

The human cell lines indicated in Table I were cultured to a density of 200,000 
to 500,000 cells per ml in RPMI medium supplemented with 10% fetal bovine serum, 
100 ng/ml streptomycin, and 100 pg/ml penicillin. The cells (in 96-well plates at 
50,000 cells per well in a volume of 100 ul) were incubated for twenty hours with 
15 conditioned supematants (10 ul per well) from P DC409-Flag-shTRAIL transfected 
CV1/EBNA cells. 

Metabolic activity was assayed by conversion of alamar Blue dye, in the assay 
procedure described in example 8. The results are presented in Table L 

In order to confirm that the changes in dye conversion in the alamar Blue assay 
20 were due to cell death, the decrease in cell viability induced by TRAIL was confirmed 
by staining the cells with trypan blue. Crystal violet staining, performed as described 
by Flick and Gifford (/. Immunol. Methods 68:167-175. 1984), also confirmed the 
results seen in the alamar Blue assay. The apoptotic nature of the cell death was 
confirmed by trypan blue staining and visualization of apoptotic fragmentation by 
25 microscopy. 

As shown in Table I, many cancer cell lines were sensitive to TRAIL mediated 
killing. The susceptibility of additional cell types to TRAIL mediated apoptosis can be 
determined using the assay procedures described in mis examples section. 

TRAIL exhibited no significant cytotoxic effect on the cell lines THP-1 , K562, 
30 Karpas 299, and MP-1. K299, also known as Karpas 299. (DSM-ACC31) was 
established from peripheral blood of a male diagnosed with high grade large cell 
anaplastic lymphoma (Fischer et al., Blood, 72:234. 1988). MP-1 is a spontaneously 
derived EBV-transformed B cell line (Goodwin et aL. Cell 73:447, 1993). While not 
wishing to be bound by theory, it is possible that these four cell lines do not express a 
35 receptor for TRAIL, or are characterized by upregulation of a gene that inhibits 
apoptosis. 
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"5ja¥ 
Ramos 
U937 
HL60 
Raji 
Daudi 
THP-1 
K562 
K299 
MP-1 



Burkitt lymphoma 
BurVritt lymphoma 
histiocytic lymphoma 
pronyclocytic leukemia 
Burkitt lymphoma 
Burkitt lymphoma 
monocytic cell line 
chronic myelogenous leukemia 
large cell anaplastic lymphoma 
spontaneous B cell line 



12.1 + 2.1 
252 + 8.2 
59.5 + 3.2 
64.9 ± 4.5 

70.2 ± 4.2 

92.3 ± 6.8 
97.1 ± 4.8 
99.0 ±4.3 
104.9 ± 11.7 



a Results are means + SEMs of 4 wells for each data point 



10 



15 



20 



25 



M A MF T T? lft; rr"-^" Artiv!rv fi f TRAIL 
Interspecies cross-reactivity of human and murine TRAIL was tested as 
follows. Murine and human TRAIL were incubated with the human melanoma cell hne 
A375 (ATCC CRL 1619). Since this is an adherent cell line, a crystal violet assay, 
rather than alamar Blue, was used to determine cell viability. A375 cells were cultured 
in DMEM supplemented with 10% fetal bovine serum, 100 ug/ml streptomycin, and 
100 ^rgAnl penicillin. Hie cells (in 96^weU plates at 10,000 cells per well in a volume of 
100 pi) were incubated for 72 hours with the soluble murine TRAIL described in 
example?. Crystal violet staining was performed as described by (Flick and Gifford 
(/ ImmunolMethods 68:167-175, 1984). The results demonstrated tot bom human 
and murine TRAIL are active on these human cells, in that murine and human TRAIL 

killed A375 cells. . 

The ability of human TRAIL to act on murine cells was tested, using the 
vnnontetd murine fibroblast cell UneL929. Incubation of L929 cells with either 
human or murine TRAILresulted in a decrease in crystal violet staining, thus 
demonstrctmgthath^ 

n^nc cells. In addition to crystal viokt, cell death was confirmed by trypan-blue 
staining. 

p-ftftT flMir. i y f »f rMV-Infffffrt C.t\\S 
The following experiment demonstrates that the soluble Flag^human TRAIL 

protein prepared in exampk7hasacymtoxiceffea on vM^ 

Normal human gingival fibroblasts we grown to confluency on 24 weU plates 

in 10% C02 and DMEM medium mpptanented with 10% fe«al bovii* soum. 100 
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ugfail streptomycin, and 100 ug/ml penicillin. Samples of the fibroblasts were treated 
as indicated in figure 2. Concentrations of cytokines were 10 ng/ml for y-interferon 
and 30 ng/ml of soluble Rag®-human TRAIL. All samples receiving TRAIL also 
received a two-fold excess by weight of anti-Flag® antibody M2 (described above), 

5 which enhances TRAIL activity (presumably by crosslinking). 

Pretreatment of cells wim the indicated cyt^^ Toinfect 
cells with cytomegalovirus (CMV), culture media were aspirated and the cells were 
infected with CMV in DMEM with an approximate MOI (multiplicity of infection) of 5 . 
After two hours the virus containing media was replaced with DMEM and cytokines 

10 added as indicated. After 24 hours the cells were stained wim crystal violet dye as 
described (Flick and Gilford, 1984, supra). Stained cells were washed twice with 
water, disrupted in 200 ul of 2% sodium deoxycholate, diluted 5 fold in water, and the 
OD taken at 570 ran. Percent rnaxinial staining was emulated by normalizing ODs to 
the sample that showed the greatest staining. Similar results were obtained from several 

15 ir»der*ndem experiments. 

The results presented in Figure 2 demonstrate that TRAIL specifically killed 
CMV infected fibroblasts. This cell death was enhanced by pretreatment of the cells 
with ^interferon. No significant death of non-virally infected fibroblasts resulted from 
contact with TRAIL 

20 

FY AMPLE 1* Assay tft TripnHfv Blocking Antibodies 
Blocking antibodies directed against TRAIL may be identified by testing 
antibodies for the ability to inhibit a particular biological activity of TOAIL. In the 
following assay, a monoclonal antibody was tested for the ability to inhibit TRAIL- 
25 mediated apoptosis of Jurkat cells. The Jurkat cell line is described in example 5. 

A hybridoma cell line producing a monoclonal antibody raised against a 
Fiag®/soluble human TRAIL fusion protein was employed in the assay. Supematants 
from the hybridoma cultures were incubated with 20 ng/ml Flag®/soluble human 
TRAIL crosslinked with 40 ng/ml anti-Flag® monoclonal antibody M2, in RPMI 
30 con^leten»diama96weUnuCTotiterplate. An equivalent amount of fresh hybridoma 
culture medium was added to control cultures. The Flag®/solublc human TRAIL 
fusion protein and the monoclonal antibody designated M2 are described in example 7. 

The hybridoma supernatant was employed at a 1:50 (v/v) dilution (starting 
concentration), and at two fold serial dilutions thereof. After incubation at 37°C. 10% 
35 C0 2 . for 30 minutes, 50,000 Jurkat cells were added per well, and incubation was 
continued for 20 hours. 
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10 



15 



Cell viability was then assessed measuring metabolic conversion of alamar blue 
dye An alamarblue conversion assay procedure is described in example 8. The 
monoclonal antibody was found to inhibit the apoptosis fJurkat cells induced by 
Hag®/soluble human TRAIL. 

jrvAMPi.F. n - TBin. WnrMnP Study 
Hurnan rnictovasajlar endohelial cells of dennal origin were treated for 16-18 
touts wim plasm tanr^entswi* 

with control plasma, either alone or in the presence of anti-TRAIL polyclonal 
antiserum. A 1 :2000 dilution of the antiserum was employed. The plasma was from 
two TTP patients, designated #1 and #2 below, Thecells employed in the assays were 
MVEC-1 (HMVEC 2753. purchased from Genetics. San Diego. CA) and MVEC-2 
(DHMVEC 30282. purchased from Cell Systems. Kirldand,WA). Cultures of these 

The results were as follows. The data shown are from DNA histograms of cells 
^wimr^diumic^^ 

et iL. Blood, 82:3392, 1993; Nicoletti et «L. /. Imrmnol. Methods, 139:271. 
and Laurence « aL. Blood, 75:696. 1990). 
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Experiment 1 



25 Experiment2 



30 Expcrirncnt3 



Experiment 4 
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Dermal MVEC-1 
Dermal MVEC-1 
Dermal MVEC-1 

Dermal MVEC-2 
Dermal MVEC-2 
Dermal MVEC-2 
Dermal MVEC-2 

Dermal MVEC-1 
Dermal MVEC-1 

Dermal MVEC-2 
Dermal MVEC-2 
Dermal MVEC-2 
Dermal MVEC-2 



control 

TTP(#1) 

TTP(#1) 

control 
TTP (#2) 
TIP (#2) 
TTP (#2) 

TTP(#1) 
TIP(#1) 

control 
TTP(#1) 
TTP(#1) 
TTP(#1) 



control Ab 
+ 



control Ab 
+ 



0 

19.5 
0.3 

0 

20.0 
13.1 
0.2 

50.1 
10.6 

0 

13.9 
14.1 
0.6 



Hie data reveal that plasma derived from TTP patients induces apoptosis of 
40 microvascular endothelial cells of dermal origin. TUb apoptosis was inhibited by 
polyclonal antibodies directed against TRAIL. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT; Immunex Corporation, 
(ii) TITLE OF INVENTION: Cytokine That Induces Apoptoaia 
(iii) NUMBER OF SEQUENCES: 9 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Kathryn A. Anderson, Inraunex Corporation 

(B) STREET: 51 Unlveraity Street 

(C) CITY: Seattle 
(D> STATE: WA 

(E) COUNTRY: USA 

(F) ZIP: 98101 



<v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Apple 7.5.2 

(D) SOFTWARE: Microsoft Word, Version 6.0.1 



(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: — to be assigned— 

(B) FILING DATE: 25-JUN-1996 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/496,632 
<B) FILING DATE: 29-JUN-1995 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/548,368 

(B) FILING DATE: 01-NOV-1995 

(C) CLASSIFICATION: 

(vili) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Anderson, Kathryn A. 

(B) REGISTRATION NUMBER: 32,172 

(C) REFERENCE / DOCKET NUMBER: 2835-WO 

<ix) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE: <206) 587-0430 

(B) TELEFAX: (206) 233-0644 

(C) TELEX: 756822 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1751 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA to CRNA 
(iii) HYPOTHETICAL: KO 
(iv) ANTI-SENSE: NO 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: huAIC 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 86.. 933 



<x±) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CCTCACTGAC TATAAAAGAA TAGAGAAGGA AGGGCTTCAG TGACCGGCTG CCTGGCTGAC 60 

TTACAGCAGT CAGACTCT6A CAGGATC ATG GCT ATG ATG GAG GTC CAG GGG 111 

Met Ala Met Met Glu Val Gin Gly 
1 5 

GGA CCC AGC CTG GGA CAG ACC TGC GTG CTG ATC GTG ATC TTC ACA GTG 159 
Glv Pro Ser Leu Gly Gin Thr Cys Val Leu He Val He Phe Thr Val 
10 15 20 

CTC CTG CAG TCT CTC TGT GTG GCT GTA ACT TAC GTG TAC TTT ACC AAC 207 
Leu Leu Gin Ser Leu Cys Val Ala Val Thr Tyr Val Tyr Phe Thr Asn 
25 30 35 40 

GAG CTG AAG CAG ATG CAG GAC AAG TAC TCC AAA AGT GGC ATT GCT TGT 255 
Glu Leu Lys Gin Met Gin Asp Lys Tyr Ser Lys Ser Gly He Ala Cys 
45 50 55 



303 



351 



399 



TTC TTA AAA GAA GAT GAC AGT TAT TGG GAC CCC AAT GAC GAA GAG ACT 
Phe Leu Lys Glu Asp Asp Ser Tyr Trp Asp Pro Asn Asp Glu Glu Ser 
60 65 70 

ATG AAC AGC CCC TGC TGG CAA GTC AAG TGG CAA CTC CGT CAG CTC GTT 
Met Asn Ser Pro Cys Trp Gin Val Lys Trp Gin Leu Arg Gin Leu Val 
75 80 85 

AGA AAG ATG ATT TTG AGA ACC TCT GAG GAA ACC ATT TCT ACA GTT CAA 
Arg Ly! Met lie Leu Arg Thr Ser Glu Glu Thr He Ser Thr Val Gin 
90 95 100 

GAA AAG CAA CAA AAT ATT TCT CCC CTA GTG AGA GAA AGA GGT CCT CAG 447 
Glu Lys Gin Gin Asn He Ser Pro Leu Val Arg Glu Arg Gly Pro Gin 
105 HO 1" 120 

AGA GTA GCA GCT CAC ATA ACT GGG ACC AGA GGA AGA AGC AAC ACA TTG 495 
Arg Val Ala Ala His He Thr Gly Thr Arg Gly Arg Ser Asn Thr Leu 
125 130 135 

tct TCT CCA AAC TCC AAG AAT GAA AAG GCT CTG GGC CGC AAA ATA AAC 543 
ser III £o" Lr Lys Asn Glu Lys Ala Leu Gly Arg Lys He Asn 

140 I 45 
TCC TGG GAA TCA TCA AGG AGT GGG CAT TCA TTC CTG AGC AAC TTG CAC 591 
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687 



Ser Trp Glu Ser Ser Arg Ser Gly His Ser Phe Leu Ser Asn Leu His 

155 160 16 

TTG AGG AAT GGT GAA CTG GTC ATC CAT GAA AAA GGG TTT TAG TAG ATC 639 
Leu Arg Asn Gly Glu Leu Val He His Glu Lys Gly Phe Tyr Tyr He 
170 n5 "0 

TAT TCC CAA ACA TAC TTT CGA TTT CAG GAG GAA ATA AAA GAA AAC ACA 
£x ITr ^ £r Phe Arg Phe Gin Glu Glu He Lys Glu Asn Thr 
185 190 195 

AAG AAC GAG AAA CAA ATG GTC CAA TAT ATT TAC AAA TAC ACA AGT TAT 735 
Lys Asn Asp Lys Gin Met Val Gin Tyr lie Tyr Lys Tyr Thr Ser Tyr 
205 210 21 

CCT GAC CCT ATA TTG TTG ATG AAA AGT GCT AGA AAT AGT TGT TGG TCT 783 
Pro Asp Pro lie Leu Leu Met Lys Ser Ala Arg Asn Ser Cys Trp Ser 
225 230 



220 



AAA GAT GCA GAA TAT GGA CTC TAT TCC ATC TAT CAA GGG GGA ATA TTT 831 
Lys Asp Ala Glu Tyr Gly Leu Tyr Ser He Tyr Gin Gly Gly He. Phe 
235 240 245 

GAG CTT AAG GAA AAT GAC AGA ATT TTT GTT TCT GTA ACA AAT GAG CAC 879 
Glu Leu Lys Glu Asn Asp Arg He Phe Val Ser Val Thr Asn Glu His 
250 255 260 

TTG ATA GAC ATG GAC CAT GAA GCC AGT TTT TTC GGG GCC TTT TTA GTT 927 
Leu He Asp Met Asp His Glu Ala Ser Phe Phe Gly Ala Phe Leu Val 

GGC TAA CTGACCTGGA AAGAAAAAGC AATAACCTCA AAGTGACTAT TCAGTTTTCA 983 

Gly * 

GGATGATACA CTATGAAGAT GTTTCAAAAA ATCTGACCAA AACAAACAAA CAGAAAACAG 1043 
AAAACAAAAA AACCTCTATG CAATCTGAGT AGAGCAGCCA CAACCAAAAA ATTCTACAAC 1103 
ACACACTGTT CTGAAAGTGA CTCACTTATC CCAAGAAAAT GAAATTGCTG AAAGATCTTT 1163 
CAGGACTCTA CCTCATATCA GTTTGCTAGC AGAAATCTAG AAGACTGTCA GCTTCCAAAC 1223 
ATTAATGCAA TGGTTAACAT CTTCTGTCTT TATAATCTAC TCCTTGTAAA GACTGTAGAA 1283 
GAAAGCGCAA CAATCCATCT CTCAAGTAGT GTATCACAGT AGTAGCCTCC AGGTTTCCTT 1343 
AAGGGACAAC ATCCTTAAGT CAAAAGAGAG AAGAGGCACC ACTAAAAGAT CGCAGTTTGC 1403 
CTGGTGCAGT GGCTCACACC TGTAATCCCA ACATTTTGGG AACCCAAGGT GGGTAGATCA 1463 
CGAGATCAAG AGATCAAGAC CATAGTGACC AACATAGTGA AACCCCATCT CTACTGAAAG 1523 
TGCAAAAATT AGCTGGGTGT GTTGGCACAT GCCTGTAGTC CCAGCTACTT GAGAGGCTGA 1563 
GGCAGGAGAA TCGTTTGAAC CCGGGAGGCA GAGGTTGCAG TGTGGTGAGA TCATGCCACT 1643 
ACACTCCAGC CTGGCGACAG AGCGAGACTT GGTTTCAAAA AAAAAAAAAA AAAAAAACTT 1703 
CAGTAAGTAC GTGTTATTTT TTTCAATAAA ATTCTATTAC AGTATGTC 1751 
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<2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 281 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Met 



Ala Met Met Glu Val Gin Gly Gly Pro Ser Leu Gly Gin Thr Cys 



10 



Val Leu lie Val He Phe Thr Val Leu Leu Gin Ser Leu Cys Val Ala 
20 25 

Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys Gin Met Gin Asp Lys 



35 



Tyr Ser Lys Ser Gly He Ala Cys Phe Leu Lys Glu Asp Asp Ser Tyr 
50 55 60 

Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser Pro Cys Trp Gin Val 



40 « 

Phe Leu 1 

Met Asn 

65 70 75 

Lys Trp Gin Leu Arg Gin Leu Val Axg Lys Met He Leu Arg Thr Ser 

Glu Glu Thr lie Ser Thr Val Gin Glu Lys Gin Gin Asn lie Ser Pro 
100 105 10 

Leu val Arg Glu Arg Gly Pro Gin Arg Val Ala Ala His He Thr Gly 
115 120 

Thr Arg Gly Arg Ser Asn Thr Leu Ser Ser Pro Asn Ser Lys Asn Glu 
130 135 140 

Lys Ala Leu Gly Arg Lys He Asn Ser Trp Glu Ser Ser Arg Ser Gly 
145 150 135 

His Ser Phe Leu Ser Asn Leu His Leu Arg Asn Gly Glu Leu Val He 
1€5 1"0 

His Glu Lys Gly Phe Tyr Tyr He Tyr Ser Gin Thr Tyr Phe Arg Phe 
180 185 A ' u ' 

Gin Glu Glu He Lys Glu Asn Thr Lys Asn Asp Lys Gin Met Val Gin 
!95 200 ZW5 

Tyr lie Tyr Lys Tyr Thr Ser Tyr Pro Asp Pro He Leu Leu Met Lys 

210 215 2 

Ser Ala Arg Asn Ser Cys Trp Ser Lys Asp Ala Glu. Tyr Gly Leu Tyr 
225 23 ® 

Ser lie Tyr Gin Gly Gly He Phe Glu Leu Lys Glu Asn Asp Arg He 
245 2 50 
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Phe Val Ser Val Thr Asa Glu His Leu lie Asp Met Asp His Glu Ala 
260 265 210 

Ser Phe Phe Gly Ala Phe Leu Val Gly * 
275 280 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1521 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDKA to BJRNA 

(iii> HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: HuAIC-dv 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 7 8.. 383 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
AATTCCGGAA TAGAGAAGGA AGGGCTTCAG TGACCGGCTG CCTGGCTGAC TTACAGCAGT 60 

CAGACTCTGA CAGGATC ATG GCT ATG ATG GAG GTC CAG GGG GGA CCC AGC 110 
CAGACTCTGA CAGUA ^ ^ ^ ^ ^ ^ Q ^ ^ pr<) Ser 

1 5 10 

CTG GGA CAG ACC TGC GTG CTG ATC GTG ATC TTC ACA GTG CTC CTG CAG 158 
Leu Gly Gin Thr Cy 3 Val Leu lie Val lie Phe Thr Val Leu Leu Gin 
15 20 25 

TCT CTC TGT GTG GCT GTA ACT TAC GTG TAC TTT ACC AAC GAG CTG AAG 
Ser Leu Cys Val Ala Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys 
30 35 40 

CAG ATG CAG GAC AAG TAC TCC AAA ACT GGC ATT GCT TGT TTC TTA AAA 
Gin Met Gin Asp Lys Tyr Ser Lys Ser Gly lie Ala Cys Phe Leu Lys 
45 50 55 

GAA GAT GAC AGT TAT TGG GAC CCC AAT GAC GAA GAG ACT ATG AAC AGC 302 
Glu Asp Asp ser Tyr Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser 

60 65 70 

CCC TGC TGG CAA GTC AAG TGG CAA CTC CGT CAG CTC GTT AGA AAG ACT 350 
Pro Cys irp Gin Val Lys Trp Gin Leu Arg Gin Leu Val Arg Lys Thr 
80 ^5 " D 

CCA AGA ATG AAA AGG CTC TGG GCC GCA AAA TAA ACTCCTGGGA ATCATCAAGG 403 
Pro Arg Met Lys Arg Leu Trp Ala Ala Lys * 
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95 "0 

agtgggcatt cattcctgag caacttgcac itgaggaatg gtgaactggt catccatgaa 463 

AAAGGGTTTT ACTACATCTA WCCCAAACA TACTTTCGAT tICAGGAGGA AATAAAAGAA 523 
AACACAAAGA ACGACAAACA AATGGTCCAA IAIATTTACA AATACACAAG tTATCCTGAC 563 
CCTATATTGT TGATGAAAAG TGCTAGAAAT AGTTGTTGGT CTAAAGATGC AGAATATGGA €43 
CTCTAITCCA TCTATCAAGG GGGAATATTT GAGCTTAAGG AAAATGACAG AATTTTTGTT 703 
TCTGTAACAA ATGAGCACTT GATAGACATG GACCATGAAG CCAGTTTTTT CGGGGCCTW 763 
TTAG7TGGCT AACTGACCTG GAAAGAAAAA GCAATAACCT CAAAGTGACT ATTCAGTTTT 823, = 
CAGGATGATA CACTATGAAG ATGTMCAAA AAATCTGACC AAAACAAACA AACAGAAAAC 883 
AGAAAACAAA AAAACCTCTA TGCAATCTGA GTAGAGCAGC CACAACCAAA AAATTCTACA 943 
ACACACACTG TTCTGAAAGT GACICACTTA TCOCAAGAGA ATGAAATTGC T6AAAGATCT 1003 
TTCAGGACTC TACCTCATAT CAGTTIGCTA GCAGAAATCT AGAAGACTGT CAGCTTCCAA 1063 
ACATTAATGC AGTGGTTAAC ATCTTCTGTC TTTATAATCT ACTCCTTGTA AAGACTGTAG 1123 
AAQAAAGCGC AACAATCCAT CTCTCAAGTA GTGTATCACA GTAGTAGCCT CCAGGTTTCC 1183 
TTAAGGGACA ACATCCTTAA GTCAAAAGAG AGAAGAGGCA CCACTAAAAG ATCGCAGTTT 1243 
GCCTGGMCA GTGGCTCACA CCTGTAATCC CAACATTTTG GGAACCCAAG GTGGGTAGAT 1303 
CACGAGATCA AGAGATCAAG ACCATAGTGA CCAACATAGT GAAAOCCCAT CICTACTGAA 1363 
AGTGCAAAAA TTAGCTGGGT GTGTTGGCAC ATGCCTGTAG TCCCAGCTAC TTGAGAGGCT 1423 
GAGGCAGGAG AATCGTTTGA ACCCGGGAGG CAGAGGTIGC AGTGTGGTGA GATCATGCCA 1463 

1521 

CTACACTCCA GCCTGGCGAC AGAGCGAGAC TTGGTTTC 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 101 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Ala Met Met Glu Val Gin Gly Gly Pro Ser Leu Gly Gin Thr Cy 3 

1 5 10 

Val Leu He Val He Phe Thr Val Leu Leu Gin Ser Leu Cys Val Ala 

20 25 
val Thr Tyr Val Tyr Phe Thr Aan Glu Leu Lys Gin Met Gin Asp Lya 

■ae 40 
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Tyr Ser Lys Ser Gly He Ala Cys Phe Leu Lys Glu Asp Asp Ser Tyr 
50 55 60 

Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser Pro Cys Trp Gin Val 
65 ™ 75 60 

Lvs Trp Gin Leu Arg Gin Leu Val Arg Lys Thr Pro Arg Met Lys Arg 
1 85 90 95 

Leu Trp Ala Ala Lys * 
100 

(2) INFORMATION FOR SEQ ID NO: 5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1366 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to xaRNA 
(lii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(Vii) IMMEDIATE SOURCE: 
<B) CLONE: MuAIC 

(ix) FEATURE: 

{A) NAME /KEY: CDS 

(B) LOCATION: 47.. 919 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TGCTGGGCTG CAAGTCTGCA TTGGGAAGTC AGACCTGGAC AGCAGT ATG CCT TCC 55 

Met Pro Ser 
1 

TCA GGG GCC CTG AAG GAC CTC AGC TTC AGT CAG CAC TTC AGG ATG ATG 103 
Ser Gly Ala Leu Lys Asp Leu Ser Phe Ser Gin His Phe Arg Met Met 
5 10 15 

GTG ATT TGC ATA GTG CTC CTG CAG GTG CTC CTG CAG GCT GTG TCT GTG 151 
Val He Cys He val Leu Leu Gin Val Leu Leu Gin Ala Val Ser Val 
20 25 30 35 

GCT GTG ACT TAC ATG TAC TTC ACC AAC GAG ATG AAG CAG CTG CAG GAC 199 
Ala Val Thr Tyr Met Tyr Phe Thr Asn Glu Met Lys Gin Leu Gin Asp 
40 45 50 

AAT TAC TCC AAA ATT GGA CTA GCT TGC TTC TCA AAG ACG GAT GAG GAT 247 
Asn Tyr Ser Lys He Gly Leu Ala Cys Phe Ser Lys Thr Asp Glu Asp 
55 60 65 

TTC TGG GAC TCC ACT GAT GGA GAG ATC TTG AAC AGA CCC TGC TTG CAG 295 
Phe Trp Asp Ser Thr Asp Gly Glu He Leu Asn Arg Pro Cys Leu Gin 
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70 



75 8° 



343 



391 



439 



487 t 



535 



r^m tt Tvr* arsr rxR rrrG TAT CAG CTC ATT GAA GAG GTG ACT TTG AGA ACC 
SS £ S S £r L.» «. «1- «» V.1 Thr Leu Ar, Thr 

85 9° 98 

TTT CAG GAC ACC ATT TCT ACA GTT CCA GAA AAG CAG CTA AGT ACT CCT 
£e Gin Asp Tbr lie Ser Thr Val Pro Glu Lys Gin Leu Ser Thr Pro 
100 l0S 1 

CCC TTG CCC AGA GGT GGA AGA CCT CAG AAA GTG GCA GOT CAC ATT ACT 
£S ™ Pro Jrg Gly Gly Arg Pro Gin Lys Val Ala Ala His lie Thr 
120 125 

GGG ATC ACT CGG AGA AGC AAC TCA GCT TTA ATT CCA ATC TCC AAG GAT 
lie Thr Arg Arg Ser Aan Ser Ala Leu lie Pro lie Ser Lys Asp 
135 1<° A 

GGA AAG ACC TTA GGC CAG AAG ATT GAA TCC TGG GAG TCC TCT CGG AAA 
2£ £ys £r Su Gly Gin Lys He Glu Ser Trp Glu Ser Ser Arg Lys ^ 

150 155 A0 

GGG CAT TCA TTT CTC AAC CAC GTG CTC TTT AGG AAT GGA GAG CTG GTC 583 
SS Ss ITr £e Leu Asn His Val Leu Phe Arg Asn Gly Glu Leu Val 

165 I 70 X75 

ATC GAG CAG GAG GGC CTG TAT TAC ATC TAT TCC CAA ACA TAC TTC CGA 
S £u Gin Glu Gly Leu Tyr Tyr lie Tyr Ser Gin Thr Tyr Phe Arg 
180 185 

TTT CAG GAA GCT GAA GAC GCT TCC AAG ATG GTC TCA AAG GAC AAG GTG 
"e £n Ala Glu Asp Ala Ser Lys Met Val Ser Lys Asp Lys Val 
200 205 

... » cc AAA CAG CTG GTG CAG TAC ATC TAC AAG TAC ACC AGC TAT CCG 
Arg 5£ 2£ Gin 2 Val Gin Tyr g. Tyr Lys Tyr Thr Ser Tyr Pro 

GAT CCC ATA GTG CTC ATG AAG AGC GCC AGA AAC AGC TGT TGG TCC AGA 
£p lie Val Leu Ret Lys Ser Ala Arg Asn Ser Cys Trp Ser Arg 
230 235 * 

TAT GCC GAG TAC GGA CTG TAC TCC ATC TAT CAG GGA GGA TTG TTC GAG 
Sp A^ ™ Tyr Leu Tyr Ser lie Tyr Gin Gly Gly Leu Phe Glu 
245 250 253 

... hJVR a«T GAC AGG ATT TTT GTT TCT GTG ACA AAT GAA CAT TTG 

Su lys £y» as' Asp Axy He Phe Val Ser v.l Thr Asn Glo Hi, Leu 
260 265 270 

*rr CXC CTG GAT CAA GAA GCC AGC TTC TTT GGA GCC TTT TTA ATT AAC 
Set S P £u £p Sn Glu Ala Ser Ph. Phe Gly Ala Phe Leu lie Asn 

280 285 ' 

TAAATGACCA GTAAAGATCA AACACAGCCC TAAAGTACCC AGTAATCTTC TAGGTTGAAG 979 
GCATGCCTGG AAAGCGACTG AACTGGTTAG GATATGGCCT GGCTGTAGAA ACCTCAGGAC 1039 
AGATGTGACA GAAAGGCAGC TGGAACTCAG CAGCGACAGG CCAACAGTCC AGCCACAGAC 1099 



631 



679 



727 



775 



823 



871 



919 



49 



WO 97/01633 



FCT/US96/10895 



Val Ser 



ACTTTCGGTG TTTCATCGAG AGACTTGCTT TCTTTCCGCA AAATGAGATC ACTGTAGCCT 1159 
TTCAATGATC TACCTGGTAT CAGTTTGCAG AGATCTAGAA GACGTCCAGT TTCTAAATAT 1219 
TTATGCAACA ATTGACAATT TTCACCTTTG TTATCTGGTC CAGGGGTGTA AAGCCAAGTG 1279 
CTCACAAGCT GTSTGCAGAC CAGGATAGCT ATGAATGCAG GTCAGCATAA AAATCACAGA 1339 

1366 

ATATCTCACC TACTAAAAAA AAAAAAA 

(2) INFORMATION FOR SEQ ID KO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 291 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Pro Ser Ser Gly Ala Leu Lys Asp Leu Ser Phe Ser Gin His Phe 

1 5 
Arg Met Met Val He Cys He Val Leu Leu Gin Val Leu Leu Gin Ala 
20 25 
Val Ala Val Thr Tyr Met Tyr Phe Thr Asn Glu Met Lya Gin 
35 40 45 

Leu Gin Asp Asn Tyr Ser Lys lie Gly Leu Ala Cys Phe Ser Lys Thr 

50 55 60 

Asp Glu Asp Phe Trp Asp Ser Thr Asp Gly Glu lie Leu Asn Arg Pro 

65 70 75 

Cys Leu Gin Val Lys Arg Gin Leu Tyr Gin Leu lie Glu Glu Val Thr 
* 85 90 

Leu Arg Thr Phe Gin Asp Thr lie Ser Thr Val Pro Glu Lys Gin Leu 
100 " 5 

Ser Thr Pro Pro Leu Pro Arg Gly Gly Arg Pro Gin Lys Val Ala Ala 
H5 120 

His lie Thr Gly He Thr Arg Arg Ser Asn Ser Ala Leu lie Pro He 

130 135 1 

Ser Lys Asp Gly Lys Thr Leu Gly Gin Lys lie Glu Ser Trp Glu Ser 
145 ISO lM 

Ser Arg Lys Gly His Ser Phe Leu Asn His Val Leu Phe Arg Asn Gly 

Glu Leu V.1 He Glu Gin Glu Gly Leu Tyr Tyr lie Tyr Ser Gin Thr 
180 185 " v 

Tyr Phe Arg Phe Gin Glu Ala Glu Asp Ala Ser Lys Met Val Ser Lys 

195 200 205 
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Asp Lys Val Arg Thr Lys Gin Leu Val Gin Tyr lie Tyr Lys Tyr Thr 

210 215 220 

Ser Tyr Pro Asp Pro lie Val Leu Met Lys Ser Ala Arg Asn Ser Cys 
225 230 235 

Trp Ser Arg Asp Ala Glu Tyr Gly Leu Tyr Ser lie Tyr Gin Gly Gly 

245 250 *" 

Leu Phe Glu Leu Lys Lys Asn Asp Arg lie Phe Val Ser Val Thr Asn 
260 265 270 

Glu His Leu Met Asp Leu Asp Gin Glu Ala Ser Phe Phe Gly Ala Phe 
275 280 285 

Leu He Asn 
290 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: FLAG peptide 



(ad.) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
Asp Tyr Lys Asp Asp Asp Asp Lys 

i & 

(2) INFORMATION FOR SEQ ID NO:B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(vii) IMMEDIATE SOURCE: 
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(B) CLONE: coneerved peptide 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



Leu val val Xaa Xaa Xaa Gly Leu Tyr Tyt Val Tyr Xaa Gin Val Xaa 

10 13 



1 5 
Phe 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 amino acids 
<B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: CMV leader 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Met Ala Arg Arg Leu Trp lie Leu Ser Leu Leu Ala Val Thr Leu Thr 
X 5 10 « 

Val Ala Leu Ala Ala Pro Ser Gin Lya Ser Lys Afg Arg Thr Ser Ser 
20 25 3 
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f!l,ATMS 



What is claimed is: 



1. An isolated DNA encoding a TRAIL polypeptide, wherein said TRAIL polypeptide 
comprises an amino acid sequence that is at least identical to an annno acid 
sequence selected from the group consi^ 

and amino adds 1 to 291 of SEQ ID NO& wherein said TRAIL polypeptide is capable 
of inducing apoptosis of Iirtkat cells. 

2. An isolated DNA of claim 1 . whenan said TRAIL polypeptide comprises an amino 
acid sequence selected from the group consisting of amino acids 1 to 281 of SEQ ID 
NO:2 and annno acids 1 to 291 of SEQ ID NO-.6. 

3 An isolated DNA encoding a soluble TRAIL polypeptide, wherein said soluble 
TRAIL polypeptide comprises an amino acid sequence that is at least 80% identical to a 
sequence selected from the group consisting of: 

a) the extracellular domain of human TRAIL (amino acids 39 to 281 of SEQ ID 

N02);aad 

b) a fragment of said extracellular domain; 

wherein said soluble TRAIL polypeptide is capable of inducing apoptosis of lurkat 

cells. 

4. A DNA of claim 3. wherein said soluble TRAIL polypeptide comprises an amino 
add sequence selected from the group consisting of: 

a) the extracellular domain of human TRAIL (amino adds 39 to 281 of SEQ ID 
N02);and 

b) a fragment of said extracellular domain, wherein said fragment is capable of 
inducing apoptosis of lurkat cells. 

5. A DNA of claim 4, wherein said soluble TRAIL polypeptide comprises the 
sequence of amino adds x to 28 1 of SEQ ID NO:2. wherein x represents an integer 
from 39 to 95. 

6. A DNA of claim 5, wherein said soluble TRAIL polypeptide comprises the 
sequence erf amino adds 95 to 281 of SEQ ID NO:2. 
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7. A DNA of claim 3, wherein said soluble TRAIL polypeptide comprises conservative 
substioition(s) in an amino acid sequence selected from the group consisting of: 

a) the extracellular domain of human TRAIL (amino acids 39 to 281 of SEQ ID 
NO:2); and 

b) a fragment of said extracellular domain; 

wherein the conservatively substituted TRAIL is capable of inducing apoptosis of 
Jurkat cells. 

8. An expression vector comprising a DNA accxjrfing to any one of claims 1 to 7. 

9. A process for preparing a TRAIL polypeptide, comprising culturing a host cell 
transformed with a vector according to claim 8 under conditions promoting expression 
of TRAIL, and recovering the TRAIL polypeptide. 

10. A purified TRAIL polypeptide comprising an amino acid sequence that is at least 
80% identical to an amino acid sequence selected from the group consisting of amino 
acids 1 to 281 of SEQ ID NO:2 and amino acids 1 to 291 of SEQ ID NO:6, wherein 
said TRAIL polypeptide is capable of inducing apoptosis of Jurkat cells. 

11. A purified TRAIL polypeptide of claim 10, comprising an amino acid sequence 
selected from the group consisting of amino acids 1 to 281 of SEQ ID NO:2 and amino 
acids 1 to 291 of SEQ ID NO:6. 

12. A human TRAIL polypeptide encoded by the cDNA insert of the recombinant 
vector deposited in strain ATCC 69849. 

13. A purified soluble TRAIL polypeptide comprising an amino acid sequence that is at 
least 80% identical to a sequence selected from the group consisting of: 

a) the extracellular domain of human TRAIL (amino acids 39 to 281 of SEQ ID 
NO:2);and 

b) a fragment of said extracellular dcjmain; 

wherein said soluble human TRAIL polypeptide is capable of inducing apoptosis of 
Jurkat cells. 

14. A TRAIL polypeptide of claim 13, comprising an amino acid sequence selected 
from the group consisting of: 
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a) the extracellular domain of human TRAIL (amino acids 39 to 281 of SEQ ID 

N02);and , 

b) a fragmemof said extracellular domain, wherein said fragment is capable of 

inducing apoptosis of Jurkat cells. 

15. A TRAIL polypeptide of claim 14, comprising die sequence of amino adds x to 
281 of SEQ ID NO:2, wherein x represents an integer from 39 to 95. 

16. A TRAIL polypeptide of claim 15. comprising amino acids 95 to 281 of SEQ ID : 
N02. 

17 A TRAIL polypeptide of claim 13. wherein said soluble TRAIL polypeptide 
comprises conservative subsdtution(s) in an amino acid sequence selected from the 
group consisting of: _ 

may, mi 

b) a fragn»t of said extra£eUular domain; 

wherein the conservatively substituted TRAIL is capable of inducing apoptosis of 
Jurkat cells. 

18. An oligomer comprising from two to three soluble TRAIL polypeptides of claim 
13. 

19. A TRAIL trimer comprising three soluble TRAIL polypeptides of claim 16. 

20. An antibody that specifically binds a TRAIL protein of claim U or 15. 

21. An antibody according to claim 20, wherein said antibody is a monoclonal 
antibody. 
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